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Permanent Buckling Stress of Thin-Sheet 
Panels Under Compression 


W. L. HOWLAND anp P. E. SANDORFF 
Lockheed Aircraft Corporation 


SUMMARY 


The problem of permanent skin buckles in thin sheet panels 
under compression is attacked from both an experimental and a 
theoretical point of view. A simple theory is developed relating 
permanent buckling stress to the critical buckling stress of the 
sheet, and is substantiated by experimental results. A method of 
analyzing experimental data on buckle depth, measured in the 
course of panel tests, is presented. Objectionable permanent 
buckles are shown to be dependent upon the relation between 
maximum applied stiffener stress, critical stress, design load 
factor and distribution of material between skin and stiffener. 
A summary of data covering a wide range of stiffened sheet de- 
sign is given, and empirical curves based on this data furnish a 
means of estimating the permanent buckling characteristics of 
proposed designs. 


INTRODUCTION 


poems EFFICIENCY in the design of thin-sheet 
construction has been obtained in recent years 
through the use of higher design stresses and by im- 
proving the accuracy of stress analysis. These trends 
are interrelated, for with higher design stresses, more 
careful consideration must be given to stress concen- 
trations, fatigue, and the stresses at which permanent 
deformation and permanent skin buckles occur. 
Buckling is a specific case of the more general problem 
of thin-sheet panel design, which can be outlined as fol- 
lows: Of utmost importance is the lightest possible 
structural weight. In order to satisfy this requirement, 
high allowable stresses must be obtained. If the 
design of the airplane in question is based on an applied 
load factor of n, the structure must not fail at a load 
factor of 1.50 K n. In addition, it has been determined 
that a load factor of 1.25 is encountered almost con- 
tinuously in flight,* and it is highly desirable that the 


Received March 1, 1941. 

* Investigations that have been conducted in Europe,’ with 
commercial airplanes, indicate that flight loads corresponding to 
a load factor of 1.2 occur, roughly, once every 50 seconds, while 


261 


skin be free of buckles up to this point. There are three 
main reasons for the latter requirement; one is that of 
appearance to passengers, which may be waived in the 
case of a military airplane; the second reason is the aero- 
dynamic effect of skin buckles on the speed of the air- 
plane; and third is the matter of skin fatigue or crack 
formation. In order to insure that the skin be free of 
buckles at a load factor of 1.25, it is necessary to es- 
tablish as design requirements, not only that the critical 
buckling stress must lie above that corresponding to a 
load factor of 1.25, but also that the permanent buckling 
stress must lie above that corresponding to the maximum 
anticipated service load. That is, after the structure 
has been subjected to maximum service load, objection- 
able buckles must not appear at a load factor less than 
1.25. In lieu of a better definition of the maximum serv- 
ice load, it has been conservatively taken equal to the 
“‘limit”’ load.* 

In Fig. 1 the stress at a load factor of 1.25 is plotted 
against the stress at limit load for various values of 
applied load factor (material 100 per cent effective; 
i.e., no buckling). It can be readily seen from this 
figure, that the buckling criteria become more and 
more difficult to meet as the design stress is increased 
and as the design load factor is reduced. 

In summarizing the above, it can be said that both 
from an aerodynamic and a structural standpoint the 


the period for a load factor of 1.44 is about 8 minutes, and for a 
load factor of 1.7 about 85 minutes. Although these figures can- 
not be epplied accurately to different airplanes or to countries 
having different meteorological conditions, the variations are 
small for load-factor values close to one. It is reasonable, then, 
to conclude that a load factor of 1.25 may be expected to occur 
once every minute. Results of German investigations, however, 
indicate that the frequency of application may be 5 to 8 times as 
great.” 

* See Reference 12. In the U.S.A., the “‘limit’’ load is taken 
as */; of the “ultimate’’ load and represents the maximum load- 
ing expected during the life of the airplane. 
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among the values of buckle depth considered by several 
observers to be undesirable. The opinions of these 
observers were therefore considered to be a sound 
basis upon which to establish a definition for objection- 
able permanent buckles. The average value of ob- 
jectionable depth, measured in inches from crest to 


8 
| 
— 


| | 
APPLIED LOAD FACTOR n=25 | 


STRESS AT 125 LOAD FACTOR (PSI) 
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STRESS AT LIMIT LOAD FACTOR (P51) 
Fic. 1. Comparison of stress at a load factor of 1.25 


against stress at limit load for various values of limit 
load factor (structure 100 per cent efficient). 


occurrence of permanent buckles after a hard landing or 
a severe gust is intolerable in airplanes being built at the 
present time. If during the life of a high-speed airplane 
the wing and fuselage are to be free from increasing 
roughness due to permanent skin buckles, the panels 
must be designed to withstand limit load factors with- 
out producing objectionable permanent buckles. 

The theoretical analyses which deal with strain 
conditions in a thin buckled sheet*® * ° have been de- 
veloped for an ideal structure, which originally is abso- 
lutely flat, and which buckles at its critical stress into 
definite, mathematically expressible curvatures. Due 
to the incompleteness of the simple theory it is necessary 
to establish practical definitions for initial buckling and 
for permanent buckling. 

Absolute flatness is a practical impossibility. Devia- 
tions from the absolute flat having a wave length com- 
parable to that of the skin buckles are ordinarily en- 
countered in flat sheet prior to loading. While they may 
be undiscernible to the naked eye, they are always 
measurable. Such surface irregularities may be termed 
initial roughness and are measured as the maximum 
difference between adjacent high and low portions of the 
skin surface. Consideration must be given to initial 
roughness because it has a detrimental effect on the 
permanent buckling stress, as will be shown later. 

After having applied and then partially or com- 
pletely removed a buckling load on a monocoque panel, 
careful measurements always indicate a definite increase 
in skin roughness. A small amount of skin roughness, 
however, is by no means objectionable; in fact, as was 
seen in the preceding paragraph, it is inevitable. It is 
therefore necessary, before investigating the stress 
causing permanent buckles, to determine what amount 
of residual roughness is permissible. For large values 
of the ratio of stiffener spacing 5 to skin thickness ¢ the 
limiting depth is based chiefly on appearance, while for 
small values of b/t the bending stresses are compara- 
tively higher, so that the danger of fatigue must be 
considered. In the course of a number of panel tests 
in which b/t varied from 40 to 200, it was found; in spite 
of the multitude of variables that may affect the judg- 
ment of an observer, that a close correlation existed 


valley, was found to be equal to .000276/t. Though di- 
mensionally incorrect, this relation was the best simple 
one which fit the observations. 

The formation of skin buckles does not occur in- 
stantaneously at the calculated critical buckling stress. 
It is instead a gradual process, occupying a consider- 
able range of stiffener stress. Prior to the first forma- 
tion of buckles, the skin has a certain initial roughness, 
which does not change until the critical stress is ap- 
proached. At stresses slightly above the critical, and at 
higher stresses, the buckle depth is related to the stiffener 
stress by a parabolic law, as indicated by theory.* 
Between the two regions of initial roughness, which is 
unrelated to stiffener stress, and skin buckles whose 
depth may be expressed in terms of the stiffener stress, 
lies a small zone of transition. This transition is evi- 
dent in the depth-of-buckle vs. stiffener-stress curve 
shown in Fig. 5. For the purpose of definition, the 
initial buckling stress was considered as the point 
where the apex of the parabola, extended, intersects the 
stress axis. 


THEORETICAL ANALYSIS 


Permanent skin buckles are caused by two condi- 
tions. One occurs when parts of the sheet exceed the 
proportional limit; that is, when the strain in some of 
the fibers gets so large that plastic deformation takes 
place, resulting in permanent set upon removal of the 
load. The other condition occurs when the stiffener 
material yields enough so that permanent set in the 
stiffener holds the skin in the buckled form. The 
permanent set in the stiffener would have to be equal 
to or greater than the critical strain for the sheet. 
This condition is most likely to occur when the critical 
strain of the sheet is small. It is possible, of course, for 
both conditions to exist at the same time. 

There are several different theoretical methods for 
attacking the problem of permanent buckles. The 
important parameters involved in the problem are: 
t, b, E, oy, and o,,, where 


t = skin thickness 

b = stiffener spacing or corrugation pitch 
E = Young’s modulus 

oy; = yield strength of the-material 

a, = stiffener or corrugation stress 


The task is to find out how these various factors 
affect the stiffener or corrugation stress which produces 
permanent buckles in the skin. It is well to admit at 
the beginning that due to the large number of complica- 
tions connected with large-deflection theory and 
stresses in the plastic region, only an approximate 
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theory can be hoped for. Although rigorous methods 
are not used, it is believed that the derivation of the 
calculated curve is justified by the agreement with ex- 
perimental results. 


Expression for Wave Amplitude 


The amplitude f of the waves in a buckled sheet, 
under a first application of load, is expressed by Timo- 


shenko® 
€ 
f= (1) 
€cr 
where 
€;; = strain of the stiffener or corrugation 
€ = critical buckling strain of the sheet 


Dunn‘ also derives an equation for the amplitude of the 
skin buckles, substantiated by experimental data, which 
is 


= (2 
Est €cy ) 
where A = half wave length of the buckle. These two 


equations may be put in exactly the same form by 
using the relation 


= 3.625, (3) 
or 
r 
= = 3.62— 
Substituting in Eq. (1), 
= 596 V 6, —& (4) 
or, assuming E to be constant, 
= 596 <2 (5) 


Thus, the independently developed relations of Refer- 
ences 3 and 6 check within 6.4 per cent. 

In Fig. 2, experimental results obtained by the 
authors are compared with Eq. (1). Despite the scatter, 
which is to be expected in experimental data of this 
nature, the accuracy of the theoretical relation is well 
substantiated. 


Maximum Combined Stresses 


With the use of Eq. (1), and the axial stress in the 
sheet, it is possible to calculate the maximum com- 
bined stress in a buckled sheet. The total stress in the 
sheet is equal to the sum of the direct or axial stress and 
the bending stress: 


(6) 


= Odirect + Thending 


Tmax. 


THIN-SHEET PANELS 


or 
_P My 

Tmax. = A + I (7) 

The above equations do not include the terms due to 
stresses in a plane perpendicular to the principal axes, 
nor modifications of the beam theory for plastic strain. 


My _ Pf(t/2) _ 


6Pf _ GPF 
I 


bt? At 


By substituting in Eq. (7), and obtaining f from Eq. (1) 


max. A 


The values for both P/A and f are variable across the 
sheet; however, since the value of f used in obtaining 
Eq. (8) corresponds to the maximum value at the 
center of the panel, so does the value of P/A. In 
Reference 7, it was found that with increase of load 
after buckling the change in axial stress was relatively 
slight at a point midway between stiffeners. P/A was 
therefore taken equal to o,,. Eq. (8) thus becomes: 


(8) 


Scr €cr 
Solving for €,, and dividing ¢,,,, and o,, by E, 
2 
Est ax. 
—=1+ oa | (10) 
€cr €cr 


This equation gives the relation between the stiffener 
strain, the critical strain of the sheet, and the maximum 
combined strain at the centerline of the panel. 

Sechler and Newell® have shown by a fairly rigorous 
and complete analysis based on Marguerre’s equation 
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for both wave form and axial stress distribution, that 
the maximum combined stress in a stiffened sheet 
occurs at a point one third of the distance from a 
stiffener to the center of the panel. Objectionable per- 
manent buckling, however, is more closely dependent 
on the value of the maximum combined stress at the 
buckle centerline, even though this value may be ex- 
ceeded at some point nearer the stiffener. The cause 
of permanent buckles is not permanent deformation 
alone, but permanent deformation such that internal 
bending moments are set up in the sheet when the load is 
removed. Bending stresses reach a maximum at the 
centerline, as was shown in Reference 8, and at this 
point the stress gradient across the thickness is also a 
maximum. Thus, permanent deformation occurring at 
the centerline results in large internal moments, while 
permanent deformation nearer the stiffener, being due 
chiefly to axial stress, results in only small internal 
moments. Together with the greater moment arm 
and the greater amplitude of buckle at the centerline, 
this effect makes the maximum combined strain at the 
center, as given by Eq. (10), the determining factor. 
By evaluating €,,,, in Eq. (10), the stiffener strain re- 
quired to produce permanent buckles becomes a func- 
tion only of ¢,,, the critical strain. 

The most suitable value for ¢,,,, is the strain at the 
yield strength of the material. Since all of the panels 
tested were made up of 24S-T Alclad, computations 
will be carried out for this material. The average with- 
grain yield strength of 24S-T Alclad sheet as received 
at Lockheed Aircraft Corporation is 48,060 psi.; this 
figure is for material of .032-, .040-, and .051-in. 


thicknesses. Therefore, 
48,060 
= + 108 .00681lin. perin. (11) 


Substituting this value in Eq. (10), the following 
equation is obtained for 24S-T Alclad sheet: 


00681 2 
€cr 


€cr 
Fig. 3 shows this equation plotted in terms of stress 
e 
(curve of : = 0, where e is the amplitude of initial 


roughness). The relationship of stiffener stresses to 
stiffener strains is expressed by the average com- 
pressive stress-strain curve of 24S-T Alclad material.* 
It should be noted that as the critical stress becomes 
higher the permanent buckling stress approaches the 
critical buckling stress. The reason for this is that the 
higher the critical buckling stress, the more important 
are the bending stresses after buckling takes place; 


* The with-grain compressive stress-strain curve of 24S-T 
Alclad sheet can be expressed mathematically by the relation 
= 10.3 108 [e — 9.13 — .0025)3/2]. This expression 
agrees to within one per cent with the average of a large number 
of test results. 
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Fic. 3. Calculated permanent buckling stress, as a 
function of critical stress, for different values of initial 


roughness. 


thus, a small increment above buckling creates large 
combined stresses. The curve goes up rapidly at low 
critical stresses due to the fact that after buckling, 
bending stresses are relatively unimportant in this 
range. 

As was mentioned previously, there is a region at low 
critical-buckling values where permanent set in the 
stiffeners is obtained before the sheet can be strained to 
its critical value. This, obviously, results in the forma- 
tion of permanent buckles. The cutoff for this condi- 
tion can be obtained by equating the permanent strain 
for the stiffener material to the critical strain for the 


sheet: 
(13) 


Eperm. = cr 
If the compressive stress-strain curve for the stiffener 
material is known, €y¢rm, may be plotted against the 
maximum applied stiffener stress, o,, and the cutoff 
determined. A cutoff curve for average 24S-T Alclad 
material has been plotted in Fig. 4. 


| | 


| | | | 


CALCULATED OBJECTIONABLE | 
PERMANENT BUCKLING STRESS | 


| | 
CALCULATED PERMANENT | 
BUCKLING STRESS 
YIELD STRENGTH BASIS 


eee eae 


PERMANENT BUCKLING STRESS (31) 
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Fic. 4. Calculated permanent buckling stress, theoretical 
and empirical, showing experimental points. 


Effect of Initial Buckles 


Up to this point it has been assumed that initially the 
sheet is perfectly flat; in reality this will never be the 
case. If instead of being flat, the sheet has an initial 
buckle depth of 2e, the stiffener stress at which o,,,, = 
oy; Will be greatly reduced. The moment term in 
Eq. (7) will change from M = Pf to M = P(f + e). 
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Carrying through the effect of this term, Eq. (10) be- 
comes modified as follows: 


2 
cr 


€cr 


This equation is plotted in Fig. 3 for several different 
values of e/t. It must be remembered that this plot 
gives the theoretical stiffener strain at which permanent 
buckling takes place, and not that at which objection- 
able buckles occur. The initial roughness, e/t, obvi- 
ously depends on many factors such as the method of 
fabrication, type of stiffeners, skin gage and history of 
the structure. In general, the initial roughness was 
found to have a maximum value of about .00003 
(6/t)? for 24S-T Alclad skin. 

Because objectionable permanent buckles are of 
finite depth, the corresponding maximum combined 
strain is larger than the strain at the yield point. The 
value for maximum combined strain which best satisfies 
experimental results for objectionable permanent 
buckles in 24S-T Alclad sheet was found to be .0093 in. 
per inch. The empirical curve, based on Eq. 10 and 
Emax. = -0093, is presented in Fig. 4, with experi- 
mental points. 


EXPERIMENTAL RESULTS 


The experimental data presented in this report were 
obtained in the course of tests on various types of 
sheet-stiffener combinations. The test panels were 
in all cases of sufficient length and breadth to permit the 
development of several skin buckles, thereby minimiz- 
ing edge conditions. 


Testing Procedure 


The loads were applied in small increments and 
data on permanent buckling was obtained by making 
“repeat runs’; that is, by reducing the applied load 
from some significant value to that of the initial incre- 
ment, and then repeating the observations as the load 
was again increased. Data on stiffener strain were 
taken simultaneously, and then the stiffener stresses 
computed by the method outlined in Reference 9. 

Several methods for obtaining buckle-depth data can 
be employed. In Reference 10, a method is described 
whereby the curvatures of a line element of the buckle 
formations are magnified mechanically and reproduced 
on paper. In Reference 7, plaster of Paris casts are 
used to furnish complete, permanent records of the 
buckles. In obtaining the data presented in this 
paper, however, it was found most practical, and quite 
satisfactory, to determine the maximum depth of the 
waves with a depth gage. The depth gage used was 


simply a straight edge of sufficient length, with a dial 
gage so mounted as to indicate the depth of the waves 
below the crests. The spring force of the dial gage was 
reduced to a minimum, and counterbalanced when 
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necessary. The maximum buckle depth was deter- 
mined by moving the gage along the centerline of the 
buckle. Because even adjacent buckles on the same 
panel differ slightly, observations were restricted to one 
point on any one specimen. 


Test Data on Buckle Depth 


Because of the voluminous nature of the observations 
and calculations, complete data are presented only for 
a typical specimen. In Fig. 5 the depth of the skin 
buckles, 2f, was plotted against the stiffener stress, 
oy. The full line represents the buckle depth measured 
when the corresponding stress was first applied, while 
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Fic. 5. Typical buckle depth data. 


the dotted lines indicate repeat runs, or the buckle 
depth at the corresponding stress after the panel had 
been subjected to some higher maximum applied 
stiffener stress (¢,). The parabolic portion of the 
curve for the buckle depth during the initial run was 
extended to intersect the stress axis. This gave the 
value for the initial buckling stress, as previously ex- 
plained. The repeat runs were extrapolated below the 
first loading increment, and the depth of buckles at 
zero stress obtained as a result. 

The test data are presented in a different form in 
Fig. 6. The buckle depth measured on repeat runs 
and termed permanent-buckle depth for the purpose of 
distinction, was plotted against the maximum applied 
stiffener stress, ¢,. A family of linear curves was thus 
obtained, each being for a particular reference stress, 
oo, at which the depth was measured. Points for the 
depth of buckle at zero stress were obtained from the 
extrapolated curves of Fig. 5. 
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Fic. 6. Typical data on buckle depth, plotted against 
maximum applied stiffener stress. 
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The data presented above were converted into a form 
of more practical value through the relation between 
the maximum applied stress corresponding to the stress 
at limit load, and the reference stress corresponding to 
the stress at a load factor of 1.25. If the effective area 
remains constant, this relation depends only upon the 
applied load factor, as shown in Fig. 1. If the effective 
area is a varying quantity, as in the case of buckling 
skin, only the relations of panel loads may be ex- 
pressed through the value of the applied load factor. 
To obtain the desired ratio of stresses, the variation of 
effective area of the structure with the buckling skin 
must be determined. 


Computation of Panel Load vs. Strain Curve 


The change in the overall efficiency of a sheet- 
stiffener combination as the sheet buckles is readily 
apparent in the curve of total panel load vs. stiffener 
This relation may be expressed as, 


(15) 


strain (Fig. 7). 
P = 


where P is the total panel load and A,, is the total 
effective area. Prior to buckling, the effective area is 
identical to the total area and the slope of the load- 
strain curve is constant. When buckling occurs, the 
slope decreases markedly, and after a slight transition 
period the relation may be determined by expressing 
the total effective area as the sum of the fully effective 
stiffener area and the effective skin area: 


A, As + As (16) 


The value of A,, for any particular panel may be de- 
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rived from the effective width relations. In compiling 
the data for this report, it was found that the von 
Karman relation for effective width’! was the most 
satisfactory mathematical expression for this quantity; 
accordingly, the value of A,, after buckling was 


€cr 
A,, = A,@/— 
Est 


where A, is the total skin area. The resultant load- 
strain curve was plotted in Fig. 7 in order that it may be 
compared with typical experimental results. 


(17) 


Relation of Panel Load and Stiffener Stress 


Because the distribution of area between skin and 
stiffener varies with each design, further analyses of the 
data were carried out for the two limiting cases of 100 
per cent effective area and 100 per cent buckling area. 
These two conditions are hypothetical, inasmuch as 
100 per cent effective material is completely non- 
buckling, while a 100 per cent buckling structure has no 
stiffening material. All practical structures however, 
lie between these two extremes. For the first case, 
then, the desired ratio of the stress at limit load to 
the stress at a load factor of 1.25 was obtained simply as 


(18) 


for stresses in the elastic range. 
With 100 per cent buckling material, the panel load 


below buckling is 


P= (19a) 
and above the buckling point 
P= (19b) 
ost 


where again the stresses are confined to those in the 
elastic region only. Dividing in each instance by the 
relation which is valid at the buckling point, to make 
the ensuing computations universally applicable, 
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TABLE 1 


Summary of Experimental Data 


o,, Maximum Applied Stiffener Stress for Objectionable Buckles at a 


load factor of 1.25 (psi.) 


b, n= n=9 n=4 n= 2.5 
t, Stiff- Critical 100% 100% 100% 100% 100% 100% 
Skin ener Buckling Buckles Buck- Effec- Buck- Effec- Buck- Effec- 
Gage Spacing Stress at zero ling tive ling tive ling tive’ 
(in.) Type of Stiffener (in.) (psi.) stress matl matl. matl. matl. matl. matl. 
.025 .025 X 3/4 J-Sect. 5.0 1,500 15,400 18,400 8,500 10,300 5,600 
032 .051 X 1 J-Sect. 6.0 1,590 22,000 13,000 15,600 7,300 8,900 4,800 
.040 .051 X 1'/; J-Sect. 4.5 5,100 32,000 22,700 17,900 16,300 12,400 12,100 9,500 
.032 .032 Q-Corrug. 2.5 9,820 28,500 27,000 25,500 24,000 21,500 21,000 17,200 
040 064 Q-Corrug. 2.5 15,300 24,500 23,000 22,700 21,300 20,800 19,600 19,100 
051 .032 Q-Corrug. 2.5 17,800 26,700 25,600 25,300 24,100 23,700 22,400 22,000 
064 .032 2-Corrug. 2.5 23,800 30,300 28,800 28,700 27,400 27,200 26,000 25,800 
091 072 Q-Corrug. 4.0 27,400 30,700 29,200 29,100 28,500 28,500 28,000 28,000 
. 102 .072 Q-Corrug. 4.0 31,500 32,600 32,400 32,400 32,100 32,100 31,800 31,800 
. 128 .091 Q-Corrug. 4.0 39,500 40,100 39,800 39,800 39,700 39,700 39,400 39,400 
os (20a) and 100 per cent effective material, for values of n = 9, 
 « wa) 4 and 2.5. Empirical curves which follow the trends 
; indicated by the theory are faired in for design pur- 
below buckling, and poses. In the region of low critical buckling stress, the 
Tey Fst Fst (20b) 
Fst Scr 
70 
above buckling. The ratio of the stress at a load factor poe 
of 1.25 to the critical stress is then defined for any given » & = S100. 


ratio of stress at limit load to critical stress, through the 
relation 

n 

(21) 

Po .25 
The desired relation of the stresses, for 100 per cent 
effective material and for 100 per cent buckling ma- 
terial, was expressed graphically in Fig. 8 for values of 
n = 2.5, 4 and 9. 


Interpretation of Buckle Depth Data in Terms of Load 
actor 

For any specimen, the objectionable buckle depth 
was defined as that depth equal to .00027 6/t. The 
combinations of o, and o» producing this objectionable 
roughness were obtained from the buckle depth data 
of Figs. 5 and 6, and plotted against each other in Fig. 
8. With the aid of Fig. 8, maximum applied stiffener 
stress may be identified with the stress at limit load, 
and the reference stress, at which objectionable buckling 
occurs, may be identified with the stress at a load factor 
of 1.25 by the intersection of the respective curves. 

Data for several specimens, obtained as outlined 
above, were entered in Table 1. For comparison with 
the theoretical relation, the maximum applied stress 
causing objectionable buckling at zero stress was 
plotted against the critical buckling stress in Fig. 4. 
In Figs. 9 and 10, similar plots are presented for the 
hypothetical cases of 100 per cent buckling material 


n=9 


ne4 


A 


6 Lo 


TR 


Fic. 8. Typical data for maximum applied stiffener 
stress causing objectionable buckling at reference 


stress. Also plotted are the relations of stress at 
limit load to stress at a load factor of 1.25. 


empirical curves of Figs. 9 and 10 are drawn tangent 
to the cutoffs indicated by placing o) equal to the stress 
at which objectionable buckles form, or, oo = of = oj. 
This is similar to the operation indicated by Eq. (13). 
For the general case, the cutoffs are calculated from 
Eq. (1): 
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Fic. 9. Empirical curves of permanent buckling 
stress for 100 per cent buckling material and various 
values of limit load factor. 


-l= 


Scr 


b 2 


Eq. (22) indicates that oa, - .s;, is a function of ¢. 

The conservative approximation of of = 
was made, whereupon the cutoff curves were deter- 
mined from Eqs. (20) and (21) as 


2f = .00027b/t 


(22) 


= — 23 
1.25 
for 100 per cent effective material, and 
n 
=| —— (23b) 
Cx 1.25 


for 100 per cent buckling material. 


CONCLUSIONS 


The behavior of monocoque structures after buckling 
is clarified by the buckle-depth data of Figs. 5 and 6. 
Although the curves are regular, no attempt will be 
made at present to define them mathematically. Per- 
haps the most important generality which is indicated 
by this test data is that every buckle, no matter how 
slight, has some permanent effect; that an ideal (abso- 
lutely flat) panel once subjected to stress greater than 
the critical-buckling stress will exhibit some residual 
roughness at any lower reference stress, even at no 
load. This conclusion is difficult to believe, but is evi- 
dent from the fact that when the straight lines of Fig. 
6 are extrapolated below initial roughness, they all 
intersect the stress axis at the value for the critical- 
buckling stress. The data of Figs. 5 and 6 also indi- 
cate that the relation of the buckle depth to the stiffener 
stress for any practical structure is not expressed by 
Eq. (1), but is expressed by the particular repeat run 
corresponding to the maximum applied stress. That 
this relation is unaffected by numerous repetitions of 
the maximum stress was shown in the course of the 
tests. 


JOURNAL OF THE AERONAUTICAL SCIENCES 


> 
2 
OBJECTIONAGLE BUCKLING AT 7 
a |_|. LOAD FACTOR OF 1.25 AFTER 
£ APPLICATION OF LIMIT LOAD ee 
= 
5 
ray 
z 100 % EFFECTIVE MAT'L tical) 
& 10000 T 4 
on=9 
° 10000 0000 30000 40000 
CRITICAL BUCKLING STRESS (P51!) 
Fic. 10. Empirical curves of permanent buckling 


stress for the hypothetical case of 100 per cent efficient 
structure and various values of limit load factor. 


Another effect, which was not considered in the 
preparation of the experimental data, is the increase in 
the stiffener strain corresponding to a given panel 
load, caused by increasing the maximum applied load. 
The experimental points of Fig. 7 illustrate this phe- 
nomenon. Since the proportional limit was not ex- 
ceeded in the case illustrated, an actual decrease in skin 
efficiency is indicated. The plots of Figs. 5 and 6 were 
both constructed and interpreted on the basis of the 
first-run skin efficiency, and the errors, therefore, 
cancel out before the data become applicable. It is 
nevertheless well to note that in an exact sense Figs. 
5 and 6 are not “‘true’’ plots. 

Figs. 9 and 10 may be applied to design by inter- 
polating linearly between the different values of limit 
load factor and the proportions of stiffener and skin 
area. The degree of accuracy attained by such an inter- 
polation will be compatible with the scatter of the test 
points. It should be recognized, of course, that the data 
are only for flat panels, subjected to pure compression. 


SUMMARY OF CONCLUSIONS 


In this report it has been shown that: 

1. The problems of skin buckles are of increasing 
importance to the airplane designer, particularly with 
high design stresses, low design load factors and greater 
aerodynamic efficiency. 

2. The computed critical-buckling stress has prac- 
tical significance only once in the history of the struc- 
ture. 

3. Structure which buckles in service should be de- 
signed so that it will be free of objectionable buckles at 
a load factor of from 1 to 1.25 after the application of 
maximum anticipated service load. 

4. Theoretical computations indicate a relation be- 
tween the maximum stiffener stress for objectionable 
buckling and the critical-buckling stress, and this rela- 
tion is substantiated by experimental data. 

5. In applying data on skin buckles to the design of 
monocoque structures, it is necessary to determine the 
relation of the stress at maximum service load to that 
at a load factor of 1.25. This can be expressed through 
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For buckling material, an ac- 


a ratio of panel loads. 
curate value of panel load is obtained through the use 
of von Karman’s effective width relation. 

6. The relation of the maximum stiffener stress to 
the critical stress for objectionable buckling can be ex- 
pressed by a family of curves as in Figs. 9 and 10. 


NOTATION 

Symbols 

b = Stiffener spacing 

E = Modulus of elasticity 

e = Amplitude of initial roughness 

F = Amplitude of a permanent buckle 

i = Amplitude of a buckle 

n = Limit load factor 

= Load 

t = Thickness 

€ = Strain 

o = Stress 
Subscripts 

a = Maximum applied, or limit 

cr = Critical 

0 = Reference, or corresponding to a load factor of 1.25 

max. = Maximum 

st Stiffener 

ys = Yield strength 

obj. = Objectionable 
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Directional Stability and Vertical Surface 
Stalling 


GEORGE S. SCHAIRER 
Boeing Aircraft Company 


lew PROBLEM of designing vertical tail surfaces for 
an airplane has become increasingly more difficult 
in recent years. That this is so has been proved many 
times by the changes in tail surfaces which have oc- 
curred on nearly all large airplanes in recent years. 
The reasons for these changes are readily enumerated: 


1. Lack of knowledge of aerodynamic factors in- 
volved in tail surface design. 

2. More extensive departures from conventional de- 
signs. 

3. Increasing hinge moment difficulties with in- 
creasing surface size. 

4+. Continual stiffening of imposed design require- 
ments. 


Directional stability is plainly and simply weather- 
cock stability, or the tendency for the airplane to re- 
turn to zero yaw when disturbed therefrom. It is 
necessary that an airplane have some small amount of 
directional stability near zero yaw in order to be a satis- 
factory airplane. 
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Fic. 1. Yawing moment of Stratoliner with origi- 
nal tail. 


In the normal airplane only three items on the air- 
plane normally contribute appreciably to the direc- 
tional stability characteristics. These are: the body, 
the propellers and the tail. The centers of gravity of 
airplanes invariably lie at almost exactly one-third the 
length of the body. A characteristic of bodies is that 
the center of pressure is very near the nose. This places 
the center of pressure ahead of the center of gravity 
and makes the body unstable. Similarly, it is a char- 


Presented at the Aerodynamics session, Ninth Annual Meeting, 
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acteristic of propellers to act as if they were a vertical 
surface, and since they are invariably located forward 
of the center of gravity they are destabilizing. To 
counteract the instability of the body and propellers 
it is necessary to add vertical surface aft of the center 
of gravity to give the total airplane configuration di- 
rectional stability. 


Fic. 2. Yawing moment of Stratoliner with final 
tail. 


In defining directional stability it is necessary to 
point out that dynamic directional stability character- 
istics actually involve motion other than yawing alone. 
This dynamic directional stability is the one in which 
the pilot is primarily interested for everyday flying. 
Dynamic directional stability may be but is not neces- 
sarily the same as that which is described as static di- 
rectional stability. Static directional stability is most 
easily expressed by curves of yawing moment coefficient 
versus angle of yaw (Figs. 1 and 2). Static directional 
stability is obtained under steady state conditions and 
is of primary importance to the pilot when flying at 
angles of yaw or under unsymmetrical power condi- 
tions. In the remainder of this paper, it will be as- 
sumed that dynamic directional stability is adequately 
defined by the static directional stability and the term 
directional stability will be used without differentiation. 

Normal airfoil surfaces stall at angles of attack of 
less than twenty degrees. It is therefore not surprising 
that vertical tail surfaces frequently stall at large angles 
of yaw. Changes in tail aspect ratio and nose shape, 
etc., appear to affect this stalling as on normal airfoils. 
The unstable yawing moment of bodies is less pro- 
nounced at large angles of yaw, but nevertheless, the 
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Fic. 3. Six component yaw data for four-engine transport airplane. 


net result of a tail stall is normally to reverse the slope 
of the yawing moment versus angle of yaw curve and 
may even reverse the sign of the yawing moment. 

The rudder, which is part of the vertical surface and 
must normally be assumed to be free, may have a major 
effect on the directional stability, particularly at large 
angles of yaw and at angles of yaw at which the fin 
stalls. 

A vertical tail stall can only be obtained by yawing 
the airplane to angles at which fin stalling or rudder 
force reversal or both are obtained. This seldom oc- 
curs at less than 15° of yaw. Large airplanes are never 
yawed to any appreciable extent in normal operation 
and vertical tail stalls are never encountered in normal 
operation. On some classes of airplanes the use of the 
sideslip maneuver is desirable, but even on these air- 
planes the sideslip angles normally used would not or- 
dinarily produce a tail stall. Multi-engined airplanes, 
when operated with unsymmetrical power, are fre- 
quently flown with some yaw or sideslip, but even 
then the angle of yaw normally used will not produce a 
tail stall. There are probably only three ways in which 
an airplane is likely to be yawed sufficiently to produce 
a tail stall. These are as follow: 


1. Inadvertent engine failure at extremely low 
speeds on multi-engined airplanes on which 
the rudder is either incapable of supplying all 
the required restoring moment, or its action is 
delayed by the human element. 

2. Inadvertent excessive sideslipping of maneuver- 
able airplanes. 

3. Intentional excessive sideslipping for experi- 
mental, educational and other reasons. 


Tail stalls are probably present in spins, but this phase 
of tail stalling is not being considered here. 

In order to fully understand the many factors in- 
volved in yawed flight a set of six component polar 
curves at various angles of yaw were obtained on a 
model of an early version of the Stratoliner. These 
data are shown in Fig. 3. The data are presented in 
polar form; that is, the drag, angle of attack, pitching 
moments, yawing moments, rolling moments and side 
force are plotted against lift in coefficient form. 

Examination of the angle of attack data indicates 
that at lift coefficients greater than C,; = .5, an in- 
crease in angle of attack is necessary in order to hold a 
given airspeed with increasing angles of yaw. The 
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data indicate an appreciable reduction in maximum 
lift coefficient with increasing angle of yaw, the maxi- 
mum lift coefficient being obtained at a smaller and 
smaller angle of attack. The drag data indicate a 
marked increase in drag for angles of yaw greater than 
five degrees, with the increase in drag becoming very 
great for angles of yaw greater than fifteen degrees. 
The drag coefficient is increased nearly uniformly re- 
gardless of lift coefficient. The pitching moments 
indicate that the longitudinal stability is not adversely 
affected by yaw; that is, the slope of the curves is not 
appreciably changed for even very large angles of yaw. 
For angles of yaw less than ten degrees very small 
pitching moment effects are obtained, but at larger 
angles of yaw, fairly large stalling moments are pro- 
duced. Experience would indicate that these stalling 
moments are normally to be expected at large angles of 
yaw. 

The curves of yawing moment coefficient indicate 
practically no effect of angle of attack on yawing mo- 
ments except at very large angles of yaw where an im- 
provement in yawing stability over that at small angles 
of attack is obtained. An examination of the rolling 
moment data indicates that there is an increase in di- 
hedral effect with increasing angle of attack, and that 
inside of thirty degrees angle of yaw there is a pro- 
gressive increase in rolling moment with increasing 
angle of yaw. The side force data indicate that there 
is no effect of angle of attack on side force, and that 
side force increases uniformly with angle of yaw. 

Curves of yawing moment coefficient versus angle of 
yaw for the Stratoliner are shown in Figs. 1 and 2. 
The curves with the positive slopes show the instability 
of the airplane less tail surfaces with and without pro- 
pellers. In the course of the development of this air- 
plane, it was fitted with three different vertical tail con- 
figurations. The yawing stability produced by these 
tails is shown on these figures. The curves shown with 
heavy lines are for fixed rudder and those with dashed 
lines are for free rudder. Pictures of the airplane fitted 
with these tails are shown in Figs. 4, 5 and 6. 


Fic. 5. Stratoliner with original tail plus dorsal 
fin. 


Stratoliner with final tail. 


Fic. 6. 


As an airplane is yawed, or sideslipped, the dihedral 
effect of the wings tends to raise the forward wing. It 
is necessary to counteract this tendency by the use of 
the ailerons. The ailerons invariably produce adverse 
yaw which tends to make the airplane yaw even fur- 
ther. Also, the average aileron is quite limited as to the 
maximum rolling moment which it can produce or 
counteract. The allowable angle of yaw on an airplane 
is limited absolutely to an angle less than that at which 
the aileron can counteract the roll produced by yaw. 
This is further accentuated by the fact that normally 
on multi-engined airplanes sideslipping is only resorted 
to or allowed to occur under unsymmetrical power con- 
ditions, and in these conditions the unsymmetrical 
power produces rolling moments which require still 
further use of the ailerons in the direction in which they 
are already limited by the yaw. 

When operating under unsymmetrical power condi- 
tions, a drag is produced by the propeller on the dead 
engine and a thrust is produced by the symmetrically 
opposite engine, both tending to yaw the airplane in 
the same direction. The yawing moment produced in- 
creases somewhat as the speed is decreased. The un- 
symmetrical yawing moment, when reduced coeffi- 
cient form, increases very rapidly with decreasing air- 
speed and varies inversely as the airspeed raised to a 
power of between two and three. Fig. 7 shows the 
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Fic. 7. Yawing moments produced by cutting left out- 
board engine (T. O. power) Boeing Stratoliner. 


yawing moments produced on the Stratoliner by the 
failure of an outboard engine with the other engines at 
take-off power. Since the directional stability of the 
airplane, expressed in the form of yawing moment 
coefficient versus angle of yaw is very nearly independ- 
ent of airspeed, it is obvious that very large angles of 
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yaw and/or rudder deflection are necessary at very low 
speeds to counteract unsymmetrical power conditions; 
whereas at high speeds only very small rudder deflec- 
tions or angles of yaw are necessary to maintain equilib- 
rium. 

It has been found from many hinge moment meas- 
urements, that invariably there is a large increase in 
hinge moment coefficient with angle of yaw at constant 
rudder deflection for angles of yaw greater than ten 
degrees. This variation of hinge moment coefficient 
with angle of yaw tends to make the rudder move in 
such a manner that with free rudder there will be large 
losses in directional stability at angles of yaw greater 
than ten degrees. Hinge moments for the final Strato- 
liner rudder are shown on Fig. 8. 
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Fic. 8. Rudder hinge moments and effectiveness at 
angles of yaw—final tail design. 


The maneuver that a multi-engined airplane goes 
through after an unsymmetrical engine failure is quite 
interesting. Assume that an airplane is allowed to 
yaw freely after an engine failure. Due to the loss in 
power it is necessary that the pilot allow the nose to 
drop in order to maintain his speed. As the airplane 
yaws, its drag increases and requires that the nose be 
dropped still further. These two effects are partly 
counteracted by the increased angle of attack required 
to maintain a given speed. If the airplane is flying near 
its stalling speed the reduction in maximum lift coeffi- 
cient with angle of yaw may stall the airplane. This 
problem is further accentuated by the stalling moments 
produced by yaw. Since most large airplanes have 
very little longitudinal stability near the stall, these 
stalling moments are likely to stall the airplane unless 
the pilot counteracts them. He can only do this by re- 
ferring to his airspeed meter since his attitude for a 
given speed is changing rapidly and in such a manner 
that even if the stability were not affected, the pilot 
might stall the airplane by trying to hold the nose up 
to the same point on the horizon as before the engine 
failure. 

As the airplane yaws around, the dihedral effect of 
the wings causes a rolling moment. This rolling mo- 


ment must be counteracted by a motion of the ailerons. 
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On airplanes with average ailerons and dihedral the 
ailerons may not be able to neutralize the roll beyond 
angles of yaw as low as fifteen degrees. If the yawing 
motion is not checked before the aileron limit is reached 
the airplane will roll violently. It is absolutely neces- 
sary that the ailerons be able to neutralize the roll due 
to yaw for all angles of yaw intended for use. The op- 
erating engines tend to increase the lift of the wing 
behind them. This produces a rolling moment which 
increases with decreasing airspeed and which requires 
an additional neutralizing aileron motion that is in the 
same direction as the motion the ailerons have already 
been given to counteract the roll due to yaw. In some 
cases this roll due to power is a major aileron design 
factor. 

It is necessary that the airplane continue yawing 
until the unsymmetrical engine yawing moment is 
counteracted by the restoring yawing moment of the 
tail, whether produced by yaw or by rudder motion. 
If it is assumed that the rudder is free and that it tends 
to trail at some angle between the fin angle and the 
free air angle the airplane will be less stable with free 
rudder than with fixed rudder. Since nearly all ailerons 
have rather large unfavorable yawing moments at low 
speeds, the ailerons will produce appreciable yawing 
moments tending to yaw the airplane still further. If 
the airspeed is allowed to decrease, the amount of yaw 
required will increase still further. Thus, a rather 
large amount of yaw may be required before equilib- 
rium is reached, the amount depending upon the speed 
at which the engine failure occurs. 

Of course it is not normal to allow an airplane to yaw 
freely with the rudder free after an engine failure and 
some use of the rudder should be anticipated. The 
amount of rudder motion which may be anticipated 
is limited to that which a normal pilot can apply (ap- 
proximately 150 Ib. pedal force). It is entirely possible 
that this amount of force will not be sufficient to return 
the rudder even to its zero position and thus maintain 
fixed rudder stability. Rudder hinge moments are com- 
posed of hinge moments due to rudder deflection and 
due to angle of yaw (Fig. 8). The hinge moments due 
to yaw are normally very small at angles of yaw less 
than ten degrees. At larger angles of yaw they in- 
crease very rapidly and tend to make the rudder move 
in a destabilizing manner. If this destabilizing tendency 
is large enough to destabilize the airplane it will be de- 
scribed as ‘“‘rudder locking over.’’ The pilot may not 
have sufficient strength to provide sufficient rudder 
motion to make the airplane stable and the yawing 
motion will proceed until stopped by some other means. 
It is desirable that the pilot be able to obtain full rudder 
deflection at any angle of yaw. 

It is very difficult to distinguish between ‘‘rudder 
locking over’’ and vertical tail stalling. Wind-tunnel 
tests have indicated practically no difference between 
the hinge moments of a tail that stalls and one that 
does not stall. It appears that the loss in stability due 


| 
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to rudder motion is nearly the same regardless of tail 
stalling. This means that the two effects can be sepa- 
rated, for it is very seldom that rudder deflection affects 
the stall of the fin. A fin stall can be recognized as a 
sharp reduction in the yawing moment of the tail for the 
fixed rudder condition. It usually results in a reversal 
of the slope of the yawing moment curve and may even 
reverse the sign of the yawing moments if the instability 
of the body is quite large. Regardless of rudder motion 
a fin which stalls inside the required range of yaw 
angles is not likely to be satisfactory. 

It is not necessary to have a yawing moment pro- 
duced by unsymmetrical power to encounter yawing 
moment difficulties. If the pilot intentionally yaws the 
airplane by use of the rudder and with symmetrical 
power conditions to the angle of yaw at which the fin 
stalls, a very noticeable decrease in the rudder angle 
required to hold this yaw angle will be noticed, and, 
due to the effects of yaw on rudder hinge moments, an 
actual reversal of pedal force may be encountered. 
This may be accentuated into a serious condition by the 
use of the trim tab if the trim tab is used to trim the 
rudder over on a heavy rudder just prior to the stalling 
of the fin. 

Since the destabilizing effect of freeing the rudder is 
negligible at small angles of yaw, large at large angles 
of yaw and quite non-linear, an airplane may be stable 
near zero yaw and quite unstable at moderate angles 
of yaw. It is entirely possible to yaw an airplane in- 
advertently into this region even under symmetrical 
power conditions and then be unable to recover by the 
use of the rudder. In such cases the engines may be 
differentially used to assist recovery. 

On the original version of the Stratoliner (Fig. 4) at 
an angle of yaw of about fifteen degrees a noticeable 
reversal in the pedal force required to produce yaw was 
measured. This was as noticeable under symmetrical 
conditions as with one engine dead. The wind-tunnel 
tests of this configuration showed no evidence of a fin 
stall but did show a marked loss in stability with the 
rudder free at between ten and fifteen degrees of yaw 
(Fig. 1). In an effort to add tail area in such a man- 
ner that existing structures would not have to be re- 
vised, a “dorsal fin’’ was added to the model. Adding 
this fin did not increase the stability appreciably for 
angles of yaw less than ten degrees but nearly doubled 
the stability at larger angles and completely eliminated 
the objectional break in the free rudder yawing moment 
curve. This fin was added to the airplane (Fig. 5) and 
it was found that yaw angles up to thirty degrees could 
be obtained with no eccentricities being noted. With 
the airplane in this configuration, it was possible to 
correct for any normal amount of unsymmetrical 
power at speeds well below ninety miles per hour. In 
the original configuration it was not desirable to fly with 
one engine out at speeds much below one hundred 
miles per hour. The rudder on these airplanes was 
quite powerful, and nearly all corrections for unsym- 
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metrical power were made by the use of the rudder. 
The directional stability of the airplane was quite small 
in both configurations and very prompt use of the rud- 
der was required after an engine failure at low speeds. 
It is very significant, however, that in spite of the effec- 
tive rudder and small directional stability with the 
original tail, the break in the yaw curve between ten 
and fifteen degrees of yaw was extremely disturbing to 
the pilots, and the availability of larger angles of yaw 
than fifteen degrees was obviously desirable. 

The angle of yaw was estimated during flight tests 
by the use of a yawmeter installed below the nose of 
the airplane (Fig. 9). A total head tube was incorpo- 
rated in this yawmeter. 


Fic. 9. Yawmeter used during Stratoliner tests. 


Although the modified version of the airplane was 
capable of meeting normal requirements for unsymmet- 
rical power conditions, it was found that the airplane 
did not have sufficient directional stability. This 
showed up in the form of excessive aileron yaw, and a 
general wallowing of the airplane under turbulent 
conditions. To remedy this condition a new vertical 
tail surface was designed, tested in the wind tunnel, 
and applied to the airplane (Fig. 6). This tail surface 
doubled the directional stability of the airplane (Fig. 
2) but did not increase the rudder effectiveness. Data 
for tests made on the one-tenth scale wind-tunnel 
model (Fig. 10) are shown in Fig. 2. The very large 


Fic. 10. One-tenth scale powered wind-tunnel 
model of Stratoliner. 


increase in stability due to the dorsal fin at large angles 
of yaw is very noticeable. It is significant that in de- 
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signing this tail it was possible to arrive at a configura- 
tion wherein the rudder motion at small angles of yaw 
was such as to increase the stability with free rudder 
over the condition with fixed rudder. This was shown 
by flight tests. 

With the airplane in this, its final configuration, ex- 
tensive flight tests were made. At ninety miles per 
hour with the engines operating at take-off power, the 
left outboard engine was suddenly throttled. No rud- 
der correction was made and equilibrium in yaw was 
reached at thirty degrees of yaw. The airplane has 
been flown with both left-hand engines throttled and 
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the right engines at rated power at speeds below 85 
miles per hour at zero yaw. Adequate directional 
stability has been demonstrated repeatedly by simulat- 
ing an engine failure during a landing approach with 
flaps full down at speeds below 85 miles per hour. While 
in this condition, the throttles on all engines except the 
left outboard engine are opened, the airplane is placed in 
a climb, and the landing approach abandoned. This is 
probably the supreme test for any airplane. A four- 
engineairplane would belittle safer than a two-engine air- 
plane if it did not have the directional stability and con- 
trol characteristics necessary to make such a maneuver. 
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Examples and Outline of Certain Modifica- 
tions in Upper-Air Analysis 


R. B. MONTGOMERY ano ATHELSTAN F. SPILHAUS 
New York University and Woods Hole Oceanographic Institution* 


ABSTRACT 


The first part of this paper deals with methods of isentropic 
analysis based on the scaled values of data transmitted for the 
purpose by the United States Weather Bureau. The practical 
application of shear-stability ratio vectors is demonstrated. A 
logical order of analysis is presented, designed to make the fullest 
possible use of all data available. The preferred isopleths for di- 
rect representation are those of temperature, acceleration poten- 
tial and specific humidity; a system of isopleth spacing conve- 
nient in conjunction with surface weather maps is employed. 

In the second part the properties of various surfaces for upper- 
air analysis are systematically studied. It is found that severe 
restrictions exist in the use of surfaces of constant entropy or 
potential temperature. All the properties discussed are, how- 
ever, adequately satisfied by a surface of constant potential vir- 
tual temperature, a quantity newly introduced and defined as the 
potential temperature of matter of standard composition, in this 
case dry air, at the same pressure and density as the sample. 
The thermodynamic configuration of this surface is described by 
isotherms of virtual temperature. 


INTRODUCTION 


 pepeneeioe ANALYSIS in this country originated with 
a particular purpose in view, namely, as a means of 
using moisture distribution to determine flow patterns 
in the atmosphere. It revealed, very successfully, cer- 
tain theoretically anticipated patterns. Subsequently 
it has come into general use in connection with upper- 
air analysis, but for the most part its application is 
dominated by the original particular purpose. A rather 
different approach is to use isentropic analysis in a more 
purely descriptive fashion as the principal tool for 
upper-air analysis. This demands that an isentropic 
chart represent synoptically as much useful informa- 
tion as possible, and that all phases of its preparation 
receive due care. 

As the second approach differs in some respects from 
the original one, methods of analysis are discussed and 
illustrated herein. In the second part of the paper some 
fundamental matters concerning upper-air analysis are 
presented. 


METHODS OF ISENTROPIC ANALYSIS 


It is of the utmost importance to determine as ac- 
curately as possible the configuration of an isentrope. 
The positions of its intersections with radiosonde as- 
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cents are known. At any radiosonde station where 
simultaneous measurements of upper-air winds are 
available the slope of the isentrope at the intersection 
is known if the flow is geostrophic—which appears to 
be a reasonable assumption except near the ground. 
The interpolation between radiosonde stations must 
be made by utilizing this information fully. On cor- 
rect interpolation of the configuration depends the 
entry of winds from the proper elevation at the inter- 
vening pilot balloon stations. On it depends also the 
delineation of the saturation areas on an isentrope, and 
hence the location of the moisture lines. More funda- 
mental is the intrinsic value of the configuration itself. 
Anomalies in the configuration are an important meas- 
ure of weather, one which can be followed from day to 
day and one which must be forecast in conjunction with 
any other type of forecast. 


Shear-Stability Ratio Vector 

A convenient method was devised by Spilhaus' to 
use winds at radiosonde stations for finding the slope 
of an isentrope by means of the shear-stability ratio 
vector, 


ov 
1) 
Oz 


v being wind velocity, z the coordinate upward and E 
the stability. Fora perfect gas having constant specific 
heat and of uniform composition the stability may be 
written in terms of potential temperature, so 


ov /1 06 d 
_ ( (2) 
Oz/ 6 Oz d In 0/x, y, 


where x and y are the horizontal coordinates. Under 
the additional condition of geostropic flow the tem- 
perature gradient in an isentrope is related to the shear- 
stability ratio vector by 


k X (VT)s, (3) 


Cc» being specific heat at constant pressure and f the 
Coriolis parameter. 


Acceleration Potential 


The three essential meteorological variables on an 
isentrope are the thermodynamic state, the water vapor 
concentration and the flow. The last is represented 
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with the help of the quantity, introduced by Mont- 
gomery,’ 
(4) 


There is considerable confu- 
sion over what to call this quantity.* It is commonly 
referred to erroneously as “stream function.” Al- 
though it is related to the geostrophic wind somewhat 
in the manner of a stream function, its dimensions are 
not the same and the relation involves the variable 
Coriolis parameter. The terms “‘geostrophic poten- 
tial’’* and ‘‘isentropic geostrophic potential’’' have been 
suggested, but these also are objectionable. A correct 
and convenient term for such quantities is acceleration 
potential, which may be preceded by isobaric, isosteric, 
isothermal, isentropic, etc., for the acceleration potential 
appropriate to each of these surfaces. The gradient 
in any surface of the appropriate acceleration potential 
is simply the negative force per unit mass associated 
with the horizontal pressure gradient. Thus, desig- 
nating specific volume by a, pressure by p, the par- 
ticular gas constant by R/m, one finds that 


— [V8], = — + ap)]. 


T=@%+6,7 


where ® is geopotential. 
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(The last two forms rest on the assumptions of uniform 

composition and of perfect gas, the last form on the 

assumption of constant specific heat also.) It is 

therefore apparent that the terminology suggested is 

entirely suitable. 


Choice of Thermodynamic Variable 


On an isentrope in a medium of uniform composition 
the specific entropy and any other thermodynamic 
variable describe the thermodynamic state completely, 
so an isobar is also an isotherm, an isostere and an iso- 
pycnal. In a perfect gas, if c, is the specific heat at 
constant volume and p is density, these variables are 
related by 


Cp P Cp P 
Cy @ Cy p 


dp = 2 aT = dp. (6) 
a 

Since the change of one variable with any other is not 
constant the spacing of one family of isopleths drawn 
for equal increments differs from the spacing of any 
other family. The choice of thermodynamic variable 
for direct representation is thus essentially a choice of 
most convenient spacing. 

Pressure, as suggested by Byers,® is the thermody- 
namic variable commonly used on isentropic charts. It 
is advantageous because the weight of air in unit ver- 
tical column between two surfaces is simply the pres- 
sure difference. But this advantage seems outweighed 


by the useful features of temperature: 
(a) The shear-stability ratio vector is related di- 


rectly to the temperature gradient. 
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(b) Temperature has inherent descriptive value. 
In particular the isotherm for 0°C has been advocated 
by Byers.® 

(c) Temperature approximates to a linear function 
of geopotential. The relationship for a perfect gas of 
uniform composition is shown by 


oT oT op 
d®/s, Cc, OT a op 

Ox Ox 


and a similar equation for the other component. 
Usually the terms involving horizontal pressure gradi- 
ent are small compared with the horizontal tempera- 
ture gradient. By letting the horizontal pressure 
gradient vanish the equations reduce to simply 


(7) 
s Cp 
The corresponding result for any other thermodynamic 
variable is not a constant. 

(d) Geopotential on an isentropic surface may be 
determined more accurately than by the last method, 
for it is given precisely in terms of the field of a thermo- 
dynamic variable and of the field of the acceleration 
potential. The relation is far simplest in terms of the 
temperature field, 


(8) 


&’=T —¢,T, 


so that geopotential is found by mental subtraction to 
full accuracy. 


Isopleth Intervals 


Accordingly the temperature field is chosen to repre- 
sent the thermodynamic state, as shown on the isen- 
tropic chart (page 278). Isotherms are drawn for 
each tenth degree centigrade, the shear-stability ratio 
vector being plotted so that its magnitude is the dis- 
tance traveled in a quarter hour (14.4 minutes) at the 
speed of the vector. Isopleths of the acceleration po- 
tential, which may be loosely called streamlines, are 
drawn for each fourth megerg per gram, the observed 
wind being plotted vectorially to represent the distance 
traveled in six hours* at the velocity of the wind. 
These intervals are chosen in conjunction with iso- 
bars for each fifth millibar on the surface weather map 
so that for all three purposes (if the density at the 
ground is 1.25-10-* g cm~‘, or the virtua tempera- 
ture is 6°C at 1000 mb) the hyperbolic parameter 
relating the isopleth spacing to the appropriate vector 

* This is the interval at which surface observations are made. 
Furthermore it is the most convenient interval for the use of 
wind scales; on isentropic charts for the United States the 
average wind travel in six hours, the average distance between 
streamlines ‘spaced by 4 megergs g, the average travel of the 
shear-stability ratio vector in a quarter hour, and the average 
distance between 10°-isotherms are all of about the same mag- 
nitude. 
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10 JANUARY 1941 


Isentropic chart. 


At each radiosonde station (black circle) the temperature (°C) is entered on the right, the last two figures 


of the acceleration potential in megergs g~! on the left, the specific humidity in parts per mille below. An arrow originating 
from one of these stations is the distance traveled in a quarter hour at the velocity of the shear-stability ratio vector, a broken 
shaft indicating that it is based on the 0400 GMT pilot balloon observation and a full shaft for 1000 GMT. A plain line 
directed toward any station circle is the distance traveled in six hours at the velocity of the wind. Full curves are isotherms. 


Curves represented by arrows are isopleths of acceleration potential (streamlines), labeled in megergs g™!. 


Broken fine curves 


are g-lines Saturation areas are stippled (conformal conic projection, scale 1:32 million at latitudes 30° and 60°). 


is the same function of latitude. The rational choice 
of spacing which permits the use of a single hyperbolic 
parameter for all families is of considerable convenience 
when wind scales or hyperbolic dividers (see, for in- 
stance, Lichtblau® and Spilhaus’) are employed. 


Water Vapor 


As a result of Byers’® proposal it has become preva- 
lent to represent water vapor by isentropic condensa- 
tion-pressure, the equivalent on charts bearing iso- 
therms being isentropic condensation-temperature. 
Rate of transfer by mixing depends, however, on the 
gradient of concentration, so it is believed advisable 
to adhere to Rossby’s® initial use of specific humidity 
lines, or g-lines. Most of the advantages of represent- 


ing isentropic condensation-temperature directly may 


be maintained by labeling the g-lines with the appropri- 
ate values of the condensation-temperature also, or by 
labeling the isotherms with the appropriate saturation 
specific humidity also. It is, however, quite adequate 
simply to have at hand a table of one or both of these 
quantities for the particular isentropic surface (see in- 
set table on accompanying illustration). 

In addition to aerological data further information 
for isentropic analysis is afforded by surface observa- 
tions, particularly hydrometeors. Consequently the 
analyst needs to have before him not only a plotted 
isentropic chart, but also the plotted surface chart. 


Order of Analysis 


An isentropic analysis consists of drawing the fields 
of temperature, of motion, and of saturation and specific 
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humidity—as well as the visualization of the meteor- 
ological processes involved, which are not directly repre- 
sented. The information available for drawing any 
one of these three fields is, first, the observed or com- 
puted values of the quantity in question and, second, 
the fields of the other two and of the hydrometeors. 
Thus it is necessary to proceed by successive approxi- 
mations. The order of procedure is, however, not 
arbitrary; it is quite definitely prescribed by consider- 
ations of the relative independence of the three fields. 

Of primary significance is obviously the configuration 
of the isentrope, for the field of any quantity on a sur- 
face not located is of no practical importance. The de- 
pendence of the other fields on the configuration and on 
the temperature distribution has already been dis- 
cussed. Once the first approximation to the tempera- 
ture field has been drawn the pilot balloon observations 
at intervening stations can be entered and the field of 
motion drawn. The last to be drawn is the moisture 
field, for which there are fewest aerological data. 
The indicated procedure is therefore as follows: 

(a) An isentropic chart is plotted. At each radio- 
sonde station are entered pressure, temperature, isen- 
tropic acceleration potential, specific humidity and 
saturation specific humidity. When available from 
the same or a nearby station the wind and shear- 
stability vector also are entered. 

(b) Isotherms are drawn. These are based pri- 
marily on the plotted temperatures and shear-stability 
ratio vectors, but qualitative use is made of the other 
information. 

(c) Winds from intervening pilot balloon stations 
are entered. The elevation employed is a fixed con- 
version from temperature by means of the pressure- 
height relation of the standard atmosphere (see inset 
table on accompanying illustration). 

(d) Streamlines are drawn, using primarily the 
values of the acceleration potential and the wind ob- 
servations. 

(e) Saturation areas are outlined and g-lines drawn. 
It is then nearly always found necessary to modify 
some details of the first approximation, especially of the 
isotherms. 

An example of charts obtained in this manner is 
shown in the illustration.* 


Application of Shear-Stability Ratio Vectors 


In the United States the late evening and early 
morning pilot balloon ascents are six hours apart, 
and the radiosonde ascents are made in about the middle 
of the interval. Shear-stability ratio vectors are com- 
puted by use of both sets of wind data, so that in the 
illustration there are two vectors at many of the sta- 


* There is necessarily some confusion in the illustration due to 
the representation of the data as well as all isopleths on one chart. 
In practice this is avoided by representing (a), (b) and (c) ona 
base map, and by placing (d) and (e) each on a separate trans- 
parent overlay. 
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tions. Since neither set is computed from simul- 
taneous observations of shear and of stability, it is not 
surprising to find some marked differences. But there 
is sufficient correlation to demonstrate that the vectors, 
even from the non-simultaneous observations available, 
have a real significance. Thus they add greatly to the 
information which can be used in isentropic analysis. 
Each reliable vector gives twice as much information 
about the configuration of the isentrope as does the 
elevation of the isentrope at a radiosonde station. 

It is apparent, however, that this tool cannot be 
utilized fully without observing stability and shear 
simultaneously. Spilhaus' has already suggested an 
appropriate procedure for accomplishing this, namely, 
to observe the radiosonde balloon itself with a theodo- 
lite.* This would ensure exact simultaneity and 
would have the great advantage that the rate of ascent 
need not be assumed, the geopotential at any instant 
being known from the radiosonde. 

It is important to note also that the data from radio- 
sondes and pilot balloons as transmitted daily are not as 
complete as desirable for computing the shear-stability 
ratio vectors.' The authors therefore recommend 
strongly, first, that the winds be observed simultan- 
eously with each radiosonde and, second, that the vec- 
tors for the chosen isentropic surfaces be computed at 
the radiosonde stations. 


Warming and Cooling 


In discussing weather situations on isentropic charts 
some consistent terminology is necessary. Thus cer- 
tain graphic words have come into use, such as dome or 
ridge and trough (which are determined practically by 
isotherms or isobars), cyclone and anticyclone, and 
moist and dry. There is need also for terms to de- 
scribe adiabatic changes, which might be stated loosely 
with such words as “‘lifting’”’ or ‘‘rising,’’ or precisely in 
terms of change of pressure or temperature. The last 
is most convenient, especially on charts bearing iso- 
therms, and gives the simple words cooling and warm- 
ing. Furthermore these need to be resolved into two 
components. The rate of change of temperature of an 
air parcel moving isentropically may be written 


dt dt $,%,9 dx dy & tp 


u and v being velocity components parallel to x- and 
y-axis, respectively. It is proposed to call the first 
term local warming, and the second convective warming. 

Differentiation between these two is essential. When 
rapidly moving air ascends a relatively stationary ridge 
the first term is small, giving convective cooling which 
may lead to the type of precipitation associated with 
warm fronts. When a rapidly moving ridge advances 


* This suggestion was carried out by the United States Weather 
Bureau at several of their stations for a trial period during 
November and December, 1940. 
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under relatively stationary air the second term is 
smail, giving local cooling which may lead to the type of 
precipitation associated with cold fronts. 

The convective warming of air moving isentropically 
can be quantitatively estimated directly on the isen- 
tropic chart. If, as in the chart on page 278, observed 
winds are represented vectorially as the distance 
traveled in six hours, the convective warming in six 
hours is the temperature increase along the vector 
(provided the fields of temperature and wind are con- 
stant along the vector). In the absence of observed 
winds, if geostrophic flow is assumed, convective warm- 
ing can be evaluated from the isopleths of acceleration 
potential. * 


Upper-AIR ANALYSIS IN Motst AIR 
Conservatism 


In choosing a surface for upper-air analysis perhaps 
the first desirable feature is conservatism, by which is 
meant that the value of some conservative property be 
constant on the surface. Then, within the limitations 
of the conservatism of the particular property, it is a 
material surface, so that any parcel on the surface at one 
time is somewhere on the same surface at any other 
time. This was the consideration which led to the 
choice of a surface of constant potential temperature, 
in conjunction with specific humidity as a second con- 
servative property, for studying flow patterns. 

It is paradoxical that, while in isentropic analysis one 
is interested specifically in the fluid’s variable composi- 
tion, heretofore no attention** has been paid to the ef- 
fect of variable moisture content on the physical prop- 
erties of air. 

Potential temperature is defined as the temperature a 
substance would have if changed adiabatically from its 
actual state to a standard pressure. Only when so de- 
fined is potential temperature a truly conservative 
property during adiabatic processes. For a perfect 
gas} having constant specific heat the relation between 
temperature, pressure, standard pressure pp and 
potential temperature is given by Poisson’s equation 


J 


where, as throughout this paper, m and c, are the 
values appropriate for the particular gas mixture in 
question, not necessarily those for dry air. 


(10) 


* Note added April, 1941: Now that twice daily radiosonde as- 
cents are made in the United States, the observed twelve-hour 
warming on the isentrope may often give an approximation to the 
instantaneous rate of local warming. When this is so, the total 
warming may be obtained, which is obviously of great sig- 
nificance. It indicates, for example, the rate at which the air is 
approaching saturation. 

** With the exception of a remark by Montgomery.? 

+ For brevity throughout this paper the term perfect gas 
is used for a substance whose equation of state may be written 
as in (12) below, where R is a universal constant and m is the 
mean molecular weight of the substance. 
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Potential density is defined as the density a substance 
would have if changed adiabatically from its actual 
state to a standard pressure. Designating it by p,, 
the relation corresponding to (10) is 


p (2 
Ps Po 


Let virtual potential temperature be the virtual tem- 
perature* a substance would have if changed adiabati- 
cally from its actual state to a standard pressure. This 
serves as a convenient measure of potential density, just 
as virtual temperature and pressure describe density. 
For a perfect gas, designating the mean molecular 
weight of dry air by mg, virtual temperature by 7, 
and virtual potential temperature by 6,, since 


(11) 
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bp = — ply, (13) 
d 
it follows that 
R R 
Po = — Ps 6= — Ps 9,- (14) 
m d 
Hence 
(15) 
6, 
and, if specific heat is constant, 
R/mcp 
6, Po 


Potential temperature and virtual potential tempera- 
ture are both conservative during adiabatic processes, 
so each defines surfaces which from this point of view 
are equally suitable for upper-air analysis. In a sur- 
face described by the constancy of one of these the other 
is constant if the medium is of uniform composition, 
otherwise it is variable. 

Entropy is a third conservative thermodynamic 
property. But, while classical thermodynamics en- 
ables one to compute the change in specific entropy 
from a standard state to any other state for a given 
substance, it gives no means of relating the entropies of 
various samples having different compositions and 
hence no means of defining an isentrope in the moist 
atmosphere. Upper-air analysis on an isentrope is 
therefore feasible only when the presence of water may 
be neglected. 

* The virtual temperature of a substance is the temperature of 


matter of standard composition at the same pressure and density. 
In meteorology dry air is adopted as the standard matter. Fur- 


thermore one may adopt dry air, assumed to be a perfect gas, 
as the standard matter regardless of the nature of the actual 
substance, obtaining (13) above as a completely general relation. 
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Hydrostatic Equilibrium 


A surface suitable for upper-air analysis should have 
the second desirable feature of hydrostatic equilibrium 
for adiabatic displacement. If a parcel is displaced to 
all possible positions where it is in hydrostatic equi- 
librium in a stable fluid, a surface is described. This 
surface then passes through the parts of the fluid with 
which the parcel is most likely to come in contact—of 
obvious importance in the consideration of mixing proc- 
esses. Since adiabatic compressibility depends on com- 
position the surface of hydrostatic equilibrium for one 
parcel does not in general coincide with the surface for 
another parcel even though the latter parcel lies in the 
former surface. While there is thus no complete solu- 
tion for this desideratum, a high degree of approxima- 
tion to it may be attained. 

It is of interest first to find the relation between 
the potential temperature 6’ of an air parcel and the po- 
tential temperature 6 of the environment where it is in 
hydrostatic equilibrium. If neither contains condensed 
water, for the environment 


_ m p 
Po R p \po 


and for the parcel 


po R p’ Po 


The condition of hydrostatic equilibrium stipulates 
that p = p’ and p = p’, so 


60 om’ (? 
m Po 

The two factors on the right (if p < po) are both greater 

than unity if the parcel is dryer than the environment, 

both less than unity if it is more moist. In the first 

case the potential temperature of the parcel is greater 

than that of the environment; in the second, less. 

The second factor depends on pressure and specific 
humidity. In the atmosphere (so long as the ‘“‘dry” 
composition is constant) its maximum possible devia- 
tion from unity is 0.1 per cent and occurs at about 500 
mb. 

The ratio of the mean molecular weights can, how- 
ever, vary considerably. For an extreme difference in 
specific humidity of 30 °/o9 it differs from unity by 1.8 
per cent, corresponding to a difference in potential 
temperature of about 5°C. 

Such a value is of definite significance, and shows 
that severe restrictions are imposed on the use of sur- 
faces of constant potential temperature in upper-air 
analysis. For instance, the range of specific humidity 
observed on January 9, at @ = 298° was 18 °/o. 
If parcels from the two extreme regions were brought 
adiabatically to hydrostatic equilibrium at the same 
vertical, the more moist one would lie considerably 
above the dryer one. In order for them to come into 


(17) 


juxtaposition the moister one should be picked from a 


281 


surface lower by more than 3°C, even if specific hu- 
midity does not increase downward from @ = 298°. 
If the lapse rate in the region of the moist air is half 
the dry adiabatic, the parcel should be picked from a 
level more than 600 meters below. 

However, substitution of virtual potential tempera- 
ture in (17) by means of (14) gives 


6,’ (2 — (R/m'cp')} 
6, Po 
The quantity remaining on the right was found to differ 
from unity by less than 0.1 per cent. Hence two air 
parcels of the same virtual potential temperature and 
containing no liquid water can come nearly into hydro- 
static equilibrium.* 

The feature concerning hydrostatic equilibrium for 
upper-air analysis is thus practically fulfilled by a sur- 
face of constant virtual potential temperature. A 
surface of constant potential temperature is not suit- 
able. 


Multiple Isopleths 


(18) 


The third feature desirable in a surface for upper-air 
analysis is that a single family of isopleths on the 
surface represent as much related information as pos- 
sible. For example, on an isentrope in a medium of 
uniform composition an isotherm is an isobar and is an 
isopycnal. In the moist atmosphere, except in regions 
containing condensed water, pressure and density are 
nearly constant along an isotherm of virtual tempera- 
ture on a surface of constant virtual potential tempera- 
ture. From (16) it is seen that 7/6, is determined by 
pressure within 0.1 per cent, so that pressure is deter- 
mined by 7,/@, within 0.4 per cent. Pressure and 
virtual temperature, of course, determine density 
exactly. 

While pressure is determined within 0.4 per cent by 
T/@, pressure and temperature determine density with 
a maximum error of 1.8 per cent. Also in this respect, 
therefore, a surface of constant potential temperature 
is not suitable for upper-air analysis. 

Let the potential virtual temperature of a substance 
be the potential temperature of matter of standard 
composition at the same pressure and density. Desig- 
nating it by ,6, if the standard matter is dry air and is 
assumed to be a perfect gas having constant specific 


heat, 
Ty (2 
\po 


By comparing this with (16) it is seen that, under the 
restrictions stated, potential virtual temperature and 
virtual potential temperature differ by less than 0.1 
per cent. 


(19) 


* Substitution of potential virtual temperatures (see above, 
Eq. 19) in (18) gives unity as their ratio. This, however, has no 
significance, because potential virtual temperature is non-con- 
servative to exactly the same small extent by which the right side 
of (18) differs from unity. 


| | ‘ 
: 
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In contrast to the approximate result obtained for a 
surface of constant virtual potential temperature, on 
one of constant potential virtual temperature, in any 
medium, pressure and density are constant along an 
isotherm of virtual temperature. 

On the other hand a surface of constant virtual po- 
tential temperature in a medium composed of a con- 
tinuously varying mixture of two substances has the 
property that a line of constant composition is an iso- 
pleth of potential temperature and of entropy. 

In a region of saturated air containing no condensed 
water a single family of such isopleths on a thermo- 
dynamically defined surface can of course represent all 
the variables mentioned. For instance, an isotherm of 
virtual temperature on a surface of constant potential 
virtual temperature is an isopleth not only of pressure 
and density, but also of specific humidity, temperature, 
of potential and virtual potential temperatures, and of 
entropy. 


Acceleration Potential 


The fourth feature desirable for upper-air analysis 
is that the surface has an acceleration potential. It 
will be found that a surface of constant potential virtual 
temperature satisfies this condition. 

For any surface designated by A it is seen from a con- 
sideration of the pressure change along its intersection 


with the z,x-plane that 
Op ( =) 
7 Oz dx/a, 


dx/A,y,t 


Combining this with the hydrostatic equation, 


= (20 
(20) 


(21) 


gives? 


op (=) 
= {| — — al — (22) 

Ox dx/a, dx/A, 
This, with the corresponding y-component, is the force 
per unit mass associated with the horizontal pressure 
gradient. For certain specific surfaces the two terms on 
the right of this perfectly general expression reduce to 
the variation of a single quantity, the negative accelera- 
tion potential. 

Elimination of virtual temperature from (13) and (19) 

gives 


R R/(mcp)d 
ma P 
so 
dp d (2 
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Hence 


and from (22 


Ox dx v9, 


with a similar expression for the y-component. 

Thus for a surface of constant potential virtual tem- 
perature in any medium, provided the standard matter 
is a perfect gas having constant specific heat, there is an 
exact acceleration potential, 


y- 


There is none for a surface of constant potential tem- 
perature except under special conditions. 


(27) 


Shear-Stability Ratio Vector 


The fifth feature desirable in a surface for upper-air 
analysis is that, for geostrophic flow, the configuration 
of the surface be given by some simple function of 
velocity and density distributions along the vertical. 

The Bjerknes® circulation theorem for frictionless 
flow states that, for a closed path having circulation 
relative to the earth C, and projection on the equa- 
torial plane F, 

dc, 

dt 
where w is the angular velocity of the earth. The first 
term vanishes for geostrophic flow. By choosing a 
small circuit in a plane normal to the y-axis and com- 
posed of two verticals and two isobars the other two 
terms, on dividing by the distance between verticals 
and by the pressure difference of the isobars, become 


dv 1 {da 


dx/» 


and, in the same manner as (20), 


), y,t + (2: ). y, (2 yo (31) 


Solving (25), (29), (30), (31) yields 


( dy ) 
d In ,0/x, y,1 dx 


A similar equation results for the other component. 
Stability may be defined as the ratio of the negative 
vertical acceleration of a fluid parcel to its geopotential 


+20 + adp =0. (28) 


(29) 


From (23) 


(30) 


(32) 


3 
d7y 25 
AT Cra (25) 
i 
é 
db Op 
’ 
dz Oz 
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displacement from equilibrium. From (19) it may con- 
sequently be written 


1 [ove d 6 
Oz dz / parcel 
If no condensed water is present in the air, potential 


virtual temperature differs only very slightly from vir- 
tual potential temperature, a conservative property, 


(33) 


so the second term is commonly negligible. Hence 
d In ,0/x, »,¢ Oz/ Oz E oz 


the y-component of the shear-stability ratio vector. 

Therefore on a surface of constant potential virtual 
temperature in any fluid, provided the flow is geo- 
strophic and the standard matter is a perfect gas having 
constant specific heat, the gradient of virtual tempera- 
ture is related simply and exactly to the vector on the 
left side of the equations represented by (32). The 
latter is a close approximation to the shear-stability 
ratio vector when no condensed water is present. 


Analysis in Saturated Regions 


In regions where the air is composed partly of an un- 
known amount of water in droplets or ice particles its 
thermodynamic properties are essentially non-conserva- 
tive due to the exchange of water with other layers. 
Isentropic analysis loses much of its significance in 
these regions, and therefore Byers® omits isopleths from 
saturated areas on his isentropic charts. It is, how- 
ever, advantageous to continue an upper-air analysis 
through saturated regions. Since wind measurements 
are generally lacking, construction of streamlines by use 
of the acceleration potential is especially important. 

Potential virtual temperature is affected only slightly 
by the presence of liquid or solid water, and can be com- 
puted to a close approximation from pressure, tempera- 
ture and humidity without regard to condensed water. 
The analysis of virtual temperature and acceleration 
potential on a surface of constant potential virtual 
temperature may therefore be carried out in a saturated 
region just as elsewhere. The isopleths of specific 
humidity (ratio of density of water vapor to total 
density) are determined by the isotherms of virtual 
temperature to the same approximation. 

It is, however, not possible to compute the virtual 
temperature or potential temperature of air composed 
partly of an unknown amount of condensed water. 


CONCLUSIONS 


To summarize, it has been seen that four important 
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desiderata for upper-air analysis are satisfied exactly by 
either a surface of constant virtual potential tempera- 
ture (constant potential density) or by one of constant 
potential virtual temperature. These two surfaces 
agree with each other, and satisfy a fifth desideratum, 
provided no condensed water is present, within an error 
amounting at most to 0.1 per cent in terms of tempera- 
ture. 

From these considerations it appears that either a 
surface of constant virtual potential temperature or one 
of constant potential virtual temperature is the most 
suitable for upper-air analysis. The choice is dictated 
by the fact that of these two only the surface of con- 
stant potential virtual temperature lends itself to 
practical use in regions where water is present in liquid 
or solid form. Furthermore it is more easily calculated 
than virtual potential temperature. Potential vir- 
tual temperature may be obtained from virtual tem- 
perature and pressure in exactly the same fashion as 
the potential temperature of dry air is computed from 
temperature and pressure. Virtual temperatures are 
used in any event for the computation of geopotential 
and therefore no additional labor is involved. 
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Least Work Solutions of Shear Lag Problems 


ERIC REISSNER 
Massachusetts Institute of Technology 


SUMMARY 


The problem of the distribution of stresses in the cover sheets 
of box-beams, acted upon by bending loads, is treated by as- 
suming parabolic bending stress distributions across the sheets 
and by determining the spanwise variation of the shape of these 
parabolas with the help of the method of least work (Castigliano’s 
principle). A second order differential equation is obtained for 
the spanwise variation of the vertex curvature of the stress para- 
bolas (which in the ordinary beam theory are straight lines). 
The equation has constant coefficients if there is no taper in sheet 
width and thickness, variable coefficients for tapered sheets. 
The equation is found to be integrable in terms of elementary 
functions for untapered beams and for a rather general class of 
tapered beams. The solution for beams of constant cross-section 
is worked out explicitly and applied to the analysis of a series of 
beams having different load distributions. For beams of con- 
stant cross-section an approximate formula is developed for the 
amount of shear lag at the most highly stressed section, this being 
in general also the section of greatest shear lag. This formula de- 
pends on the ratio of sheet width and distance of the center of 
gravity of the load curve from the root section, on the elastic 
moduli and on the relative stiffness of flanges and sheets. Fur- 
ther it is shown that a design is possible such that no shear lag 
occurs. The method developed, and extensions of it, should per- 
mit a relatively simple solution for most practical problems in 
this field of stress analysis. 


INTRODUCTION 


iu IS A WELL known fact that the distribution of bend- 
ing stresses in thin-walled box-beams cannot be ob- 
tained from the customary theory of bending of beams 
when the lateral extension of such structures is of the 
order of magnitude of their spanwise extension. The 
elementary beam theory assumes a uniform distribution 
of spanwise normal stress at any transverse section and 
consequently fully efficient chord members, but the 
shear deformation of these members leads to a distribu- 
tion of normal stress which, at a given beam section, 
has its maximum in general at the side webs, decreasing 
toward the middle of the chord. Neglecting this effect 
amounts to an overestimation of the strength of the 
beam. It has been found that the dimensions of box- 
Lbeam-like airplane-wing structures are often such that 
this shear-lag effect is appreciable. It may happen 
that the stress in the middle of the sheet amounts to 
only 60 per cent of the edge stress. To determine the 
magnitude of the effect, theoretical and experimental 
investigations of the problem have been carried out, 
giving the desired information for some important cases 
and showing furthermore which mathematical problem 
is to be solved in any given case (see the references at 
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the end of this paper). The main difficulty consists in 
the fact that the stress problem is two-dimensional and 
attempts to solve its fundamental equations, with a 
variety of assumptions concerning the elastic proper- 
ties of the cover sheets, have been successful for certain 
arrangements only. 

It seems, therefore, desirable to find a way to reduce 
the shear-lag problem to a one-dimensional problem, in 
the sense that an equation be established for a quantity 
indicating the amount of shear lag at every cross-section 
of the beam. Such an equation will have to contair 
parameters depending on the dimensions of the struc- 
ture and the distribution of the load. It need not be 
an exact result of the theory of elasticity so long as it is 
certain that the analysis retains the essential character- 
istics of the problem and gives numerical results in close 
agreement with the exact results. 

The purpose of this paper is to derive such an equa- 
tion for the class of box-beams symmetrical about span- 
wise vertical and horizontal planes through the neutral 
axis of the beam. There is, however, no inherent diffi- 
culty in generalizing the results to include unsym- 
metrical beams as well, although the corresponding 
derivations will be less simple than the ones presented 
here. 

Also given are applications of the fundamental equa- 
tion to the actual solution of a series of shear-lag prob- 
lems. 

The starting point for the method developed here was 
the fact that in all symmetrical cases investigated so 
far the shape of the curve representing the distribution 
of normal stress across the beam seemed to be very 
nearly parabolic. If one makes the assumption that 
these curves should be true parabolas, distinguished 
from each other only through the values of their vertex 
curvature, all that remains to be done is to establish an 
equation for the spanwise variation of this vertex curva- 
ture. The most convenient way to do this appears to 
the author to be the application of a minimum energy 
principle. A distribution of stress in the horizontal 
(or nearly horizontal) cover sheets is assumed, at every 
cross-section parabolic in the spanwise normal stress 
and, moreover, satisfying the equilibrium conditions 
for every element of the sheet. The linear side-web 
normal stresses are determined in such a way that cover 
sheet and side-web normal stresses coincide along the 
flanges. Furthermore, the condition is imposed that 
the resultant moment of the spanwise normal stresses 
at every section about a transverse horizontal axis 
equals the external bending moment at that section. 
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When these conditions are satisfied there remains only 
one unknown quantity, the vertex curvature of the 
normal stress parabola, and this quantity may be deter- 
mined by minimizing the internal work of the structure. 
This minimum condition is shown to reduce to an ordi- 
nary second order differential equation, with constant 
coefficients for beams of constant cross-section, and 
with variable coefficients for tapered beams. 


FORMULATION OF THE PROBLEM 


A cantilever box-beam is considered, with rectangular 
doubly symmetrical cross-section, acted upon by a given 
distribution of bending moments (Fig. 1). 


(x) 


Fic. 1. 


The following notation is used: 


x,y = rectangular coordinates in the plane of 
the cover sheets; x spanwise and meas- 
ured from tip to root, y transverse as 
measured from middle line to edge 

= coordinate perpendicular to neutral 
plane of beam, counted positive from 
middle plane to top cover 


l = beam span 

2w(x) = beam width 

h(x) = beam height 

t(x) = cover sheet thickness 

T(x) = principal moment of inertia of the two 
side webs 

I,(x) = moment of inertia of the two cover- 
sheets about the transverse beam axis 

I(x) = moment of inertia of the beam, 
1], 

M(x) = applied bending moment 

o,(x) = sheet stress of the elementary beam 
theory 

S(x) = sheet stress resultant of the elementary 
beam theory, S = /o, 

Ox, Fy, T = Stress components in coversheet 

CO; = normal stress in side webs 

Fi i = stress functions 


II 


m 


dimensionless parameter, 


ms 
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'/ym s(x) = amount of normal stress correction due 
to shear lag along the centerline of the 


sheet 
d? = a parameter defined as 
35m — 21 
35m? — 42m + 15 
kK = a parameter defined as x = “4 | = 
wNE 


The assumption of parabolic spanwise normal stress 
in the coversheets is expressed by writing, 


Mh y\? 
o, = —— + Sox) + s(x). (1) 
I 2 w 
For the normal stress in the side webs one has 
=—s+— 2 


Continuity of the stresses demands 
o,(x, =w) = a,(x, h/2), = 5 +S. (3) 


The condition of moment equilibrium is expressed by 
the equation 


w h/2 
to,dy + 2 bo, = 
—h/2 


Introducing o, from Eqs. (2) and (3) into Eq. (4), there 
follows a relation involving sheet stresses only, 


to,dy o,(X, Ww) = M(x). (3) 


Eq. (5) serves to express So in terms of the vertex curva- 
ture 2s/w* of the normal stress parabola, giving 


(I, + 31,,)/I. (6) 


M(x). (A) 
So = — '/sms, m = 


It shall be assumed that the parameter m has the same 
value all along the span. 
Thus one may write Eq. (1) 
= —| — (=) js(x). (7) 
2 3 w 
The least work condition will serve to determine the 
quantity s. To apply this condition, it is first neces- 
sary to find the remaining sheet stress components, 
7 and o,, which must be in equilibrium with ¢, as 
given by Eq. (7). Then it is necessary to establish the 
expression for the internal work W of the entire beam 
and finally the stresses have to be introduced into W 
and W be made a minimum. 


THE DISTRIBUTION OF STRESS IN THE SHEETS AND THE 
INTERNAL ENERGY OF THE BENT BEAM 


The sheet stresses have to fulfill the following equi- 
librium conditions of generalized plane stress, 


Otr 


_ = O \ Ss) 


Ox Ov 


= 
=: 
= 
—ES 


(9) 


It is well known that Eqs. (7) and (8) may be satisfied 
in terms of stress functions in the following manner, 


Ms oy?’ Ox? dx Oy (10) 
or 
oH oH 
dy’ ox 


Eq. (11) is preferable when the transverse normal 
stress, o,, need not be considered, and it can be shown 
that this is generally permissible in the shear-lag prob- 
lem. 

From Eqs. (7) and (8) one obtains by integration for 


the shear stress 
Mh 1 2") 
—{- (12 


FAC 
-tr=y da 
In this formula an arbitrary function of integration has 
been eliminated by the condition that + must be anti- 
symmetric about the axis y = 0. 

With Eq. (11) for r there follows from Eq. (9) for o,, 


Mh 
d*(ts) 


we dx? 


1. 
tay = 5 — 


(13)* 


In Eq. (13) an arbitrary function of x has been deter- 
mined by the condition that o,(x, =w) = 0. 

Eqs. (7), (12) and (11) are satisfied by taking as 
stress function 


t 
H = y S(x) — = sf m - (2) Jew (14) 
3 w 
where 


are the sheet stress and the sheet stress resultant of the 
elementary beam theory. 

To obtain an expression for the internal work in terms 
of the stresses, it is necessary to agree on the elastic 
properties of the sheet material. It shall be assumed 
that the cover sheets are of non-isotropic material. In 
this way it is possible to account in a convenient way 
for the influence of closely spaced transverse and longi- 
tudinal stiffeners and it also shows that neglecting the 
work of the transverse normal stresses o, corresponds 
exactly to a limiting case of the orthotropic stress-strain 
relations. 

* This equation for o, may be used to estimate quantitatively 
the magnitude of the transverse normal stresses, associated with 
the parabolic distribution of the spanwise stresses determined 
subsequently. 
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Writing the stress-strain relations in the form 


= — (15) 
Eyey = oy — vyoy (16) 
Gy = 7, (17) 


where v, and vy, are Poisson ratios, the virtual work 
per unit of sheet area, 


t(o,6e, + o,6e, + 


gives for the elastic energy of the two sheets 


For the existence of W, it is necessary that the follow- 
ing relation is satisfied between the elastic constants, 
= vyE,. (19) 


Adding to the energy stored in the sheets, as given 
by Eq. (18), the energy of the two side webs, 


h/2 be,? 
which with Eqs. (2) and (3) becomes 
Wy = iz [o,(w)]* dx (21) 
there is given in 
W = W, + W, (22 


the total energy of the box-beam, provided the condi- 
tions of support at the root section and the stiffening 
of the tip section are such that the edge stresses at 
these sections are prevented from doing work during 
a virtual displacement. Such conditions at the root 
section require vanishing spanwise and transverse dis- 
placements or, instead of the second condition, vanish- 
ing shear (which is the condition the available exact 
solutions fulfill).* At the tip section these conditions 
require vanishing spanwise normal stress and vanishing 
transverse displacement (as in the case of the available 
exact solution) or instead of the displacement condition, 
the condition of vanishing shear. It is, however 
plausible that with the exception of the condition men- 
tioned above* the possible contribution to the total work 
due to flexibility of tip and root ribs is relatively small 
and may therefore be disregarded. 

The expression for the internal work will be further 
simplified by neglecting the work of the transverse 
normal stresses ¢, compared with the work of o, and r. 
It seems plausible that this omission is in general of 


*For those cases where the spanwise displacement of the sheet 
at the root section is not completely restrained, due for instance 
to the presence of a retractable landing gear, it will be necessary 
to add a term to the total work expression, to account for the 
bending energy of the transverse stiffener. 


- 
dtr 
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‘ 
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no great influence in the final result* (see also references 
6, 7, 21). 

From Eggs. (18) and (19) it follows that neglecting 
g, amounts to putting 


E, = ~,», = 0 (23) 
in the stress-strain relations. This is exact for the 
case of a sheet rigid in transverse direction. In this 
connection it is noted that the presence of rather nar- 
rowly spaced transverse stiffeners would in any event 
tend to give the sheet an effective Z, which is greater 
than E,. 


THE LEAST WoRK CONDITION 


Neglecting o, in Eq. (18) and writing E, = & the 


total work W is 


1f E 


and with o, and 7 from Eq. (11), 


ALLS) + ) 


(28 


According to the rules of the calculus of variations 
the condition for a minimum of W is that the variation 
of W, 6W, vanishes. Now 


"1/0H (OH (0H 
aw = ALS AS) +6 
and since 
6(dqH) = d(éH) 


there follows, by integration by parts, 
10H 
1 0H E 1 0H 
= dy 


The second and the last integral in Eq. (25) may be 
combined to 


* It would be possible to find the solution without this simpli- 
fying assumption, by means of a fourth order equation instead of 
the second order equation derived in what follows, and thus to 
determine quantitatively its effect. 


(26) 
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Observing that from the equilibrium condition Eq. (5), 
which on account of Eq. (11) can be written in the form, 


2hH(w) + — ¢,(w) = M(x), (27) 


; 


there follows 


56H (w) b0,(w) = 0, (28) 


it is seen that the integral Eq. (26) vanishes. 
The condition of least work is thus reduced to 


10H EQ 


1 
OH = 0. (29) 
From Eq. (14) follows 


6H = — m (2) | 5s(x) 
3 w 
and 


10H 2/1dH\ _ 2y Ej a 


(30) 


Since at the tip o, (0, y) = 0 it follows further that 
s(0) = 0, 6s(0) = (32) 
and with that 
6H(0, y) = 0. (33) 


Introducing Eqs. (30) and (31) into Eq. 
3 wdx\t dx 
(2) 2 4 
(2 dx\w t dx 
dx + 
E {248 _ m ydts wi x 
3wdx w dx\w? 


3 
| m2 (2) a6. 
w Ww. 


The integration with respect to y may be carried out, 
and since 6s(x) is arbitrary the integrand of the first 
term and the second term has to vanish separately, re- 


(29) one has 


(34) 


| 
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sulting, together with Eq. (32), in the following differen- 
tial equation and boundary conditions for s(x): 


"ax t dx 35m — 21 dxlt dx\ w? 


6G s(x), d 
Ew dx \t dx 


0) =0 | dts — (4) 
dS 
=0. (3 
( 7) 


With the solution of Eq. (36), subject to the boundary con- 
ditions Eq. (37), there is given the solution of the shear-lag 
problem for symmetrical box-beams under symmetrical 
(bending) loads. It is evident that the solution for 
antisymmetrical (torsional) loads for the same beam 
may be obtained in a completely analogous way. 
Some added considerations seem necessary to generalize 
the solution to the case of unsymmetrical beams. The 
nature of the analysis is, however, such that the possi- 
bility of this generalization is apparent. 

Of interest is the value of an effective sheet width 
w,g. which, with the help of Eq. (7), is expressed in the 
form 


Wer, dy 2 o,(x, 0) 
w  wo,(x,w) 3 w) 


S+5 (1 ms 


(38) 
S+ 3 3 — m)ts 


In what follows o, and w,g will be calculated for 
some typical beams of constant cross-section, for differ- 
ent loading conditions. These calculations permit one 
to draw some useful general conclusions, as will also be 
shown. 

It should be noted that the integration of Eqs. (36) 
and (37) in closed form is also possible for tapered beams 
of the sort that 


w= W(x + xo), to(x + x0)” 


that is for beams with a law of sheet-thickness and 
beam-width variation such that if the beam were con- 
tinued to the left of x = 0, w and ¢ would simultaneously 
become zero with exception of the case m = 0 where the 
sheet thickness is constant. The integration is pos- 
sible by assuming the solutions of the homogeneous 
equation (36) in the form 


s(x) = (x + x0)’ 
which reduces the differential equation to a quadratic 


equation for the constant r, with the roots 7; and 12 of 
which one obtains 


Shom = + + a(x + 2X0)”. 
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With 5;,,., known, the method of variation of parame- 
ters furnishes the additive particular integral. 

A further noteworthy result consists in the fact, that 
when the sheet stress resultant S(x) = to, is constant, 
then s(x) = 0 satisfies Eqs. (36) and (37) and there is 
no shear lag. The explanation of this follows from the 
equilibrium condition Eq. (8) which shows that for 
(Otc,/Ox) = O the sheet shear stress 7 vanishes and 
consequently no shear deformation occurs. Therefore, 
one can say that, in principle, it is possible to design 
box-beams of the type considered, with fully efficient 
chord members. 


SOLUTION OF THE SHEAR-LAG EQUATION FOR BEAMS 
OF CONSTANT WIDTH AND SHEET THICKNESS 


Assuming w and ¢ constant,* Eqs. (36) and (37) be- 
come 


39 
ds 
= 0, |— — 3d? = © 40 
s(0) 3 (40) 
where )? and « are defined by 

35m — 21 6G 2) 
35m? — 42m +15 


The solution of the system of Eqs. (39) and (40) is 
found, by the method of variation of parameters, in the 
form 


3r2 € 2 
s(x) = — {f sinh «(é — 
K 0 dn 
we 1 2 

dn? 


cosh x Jo 


where 
&= x/I. 


This formula is valid for distributed as well as for con- 
centrated loads if it is understood that a concentrated 
load has to be considered as limiting case of a distributed 
load, the limiting process to be carried out after the in- 
tegrals have been evaluated. 

The function s(x) and with that according to Eqs. (7), 
(12) and (13) the stress pattern in the coversheets will 
here be determined explicitly for the following typical 
loading conditions: 


(1) A concentrated load P at the tip section 

(2) A uniformly distributed load pp 

(3) A concentrated load P at a distance /, from the 

tip. 

* The solutions thus derived will be applicable also to the 
case of piecewise constant thickness ¢, if along the sections 
where ¢ is discontinuous there is continuity of to, and tr, which 
according to Eqs. (7) and (12) means continuity of ts(x) and 
tds/dx. 


are r 

teas 

2 


LEAST 
One obtains 
1— 
a(x) = = (43) 
(44) 
K cosh x 
Q— 
2 1 
ate) = = 5 (45) 
K cosh x 


3— 
o,(x) = 0, for < 


h/l < (47) 


cosh «(1 — — 1 


cosh x 


2 
s(x) =— o,(l) sinh 


cosh «(1 — — 1 
cosh x 


} <&. (48) 


— sinh xé 


To represent the results of these formulas graphically 
it is convenient to write Eq. (7) for the spanwise stress 
in the form 


ox(x,y) _ E 3(2)] s(x) 

Numerical Examples. The Eqs. (43) to (49) shall 
be evaluated, assuming the following dimensions 


(49) 


7 = 
From Eqs. (6), (38) and (41) results 


49 
m = 2, Maas = 6.25. 


With these values of the parameters the stresses in the 
middle of the sheet and at the edges of the sheet have 
been calculated and are represented in Figs. 3 to 5, 
together with the corresponding curves for the stress 
without shear lag. 

The graphs show that shear lag is most pronounced 
near the built-in end (the most highly stressed section) 
of the beam. It is further noteworthy that in the case 
of concentrated load application at midspan there oc- 
curs an appreciable sheet stress at the point of load 
application, which along the flanges is of opposite 
direction to the corresponding stress at the root sec- 
tion (see also reference 14). The elementary theory 


does not account for this stress. 
The most important characteristicsof these graphs are, 
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however, that the shear lag at the built-in end is al- 
most the same for the uniformly distributed load and for 
the concentrated load at midspan, while for the beam 
with tip load there is considerably less shear lag. This 
suggests that the effective sheet width depends, for 
beams of constant cross-section, on the distance of the 
center of gravity of the load curve from the built-in end 
rather than on the span length of the beam. . 

A formula expressing this fact will now be derived. 
According to Eg. (38) w,. is, for beams with constant 
coversheet thickness ¢, given by 


s(x) 
s(x) 
1 3- 


with, if it is furthermore assumed that the width w is 
constant, s(x) from Eq. (42). At the built-in end of the 
beam, w,g. depends on s(/), which may be transformed 


into 
342 {sinh x — sinh xy d*o, 
— dy. 
s() K cosh dy? 


(51) 


For values of « in the practical range one may with good 
approximation neglect the term sinh «xy under the inte- 
gral and put tanh x = 1. 


Thus 
3X? d*o, 
— — dy. 52 
Writing 
d*a 
0 n 
it is seen that in the dimensionless ratio 
(1 — dn _ L (54) 


xs(1) o4"dn l 


the quantity Z represents the distance of the center of 
gravity of the d’o,/dx?-curve from the built-in end of 
the beam. For beams of constant cross-section this is 
identical with the distance of the center of gravity of 
the load curve from the built-in end. 

Introducing Eqs. (54) and (41) into Eq. (50) there 
follows 


#114 1+ (3 — 
and in an analogous way 

0) _ m7 


| 
} 
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(62), 


a2 43 ay 
Fic. 2.* 


* Instead of as indicated in Fig. 2, equation should read: m = (Js + 31 w)/I. 


Eqs. (55) and (56) are general formulas for the 
amount of shear lag in beams of constant width and Fic. 4. 
cover sheet thickness, with or without taper in height. 

They indicate in which way shear lag depends on the ' ‘ 
ratio of tension and shear modulus, on the relative ' It may be added that solutions of the numerically 
discussed problems could also have been obtained by an 


magnitude of coversheet and side web stiffness and on A 
the ratio of sheet width 2w and the distance LZ of the exact method (references 7, 22), although only in the 


center of gravity of the o,”-curve from the root section 


of the beam. 
Fig. 2 gives (w,7 /w)root as a function of w/Z when 
E/G = 8/3 and for various values of the stiffness param- O: 
eter m. 
elem. 


as as 702 G2 Q4 a? 4 


; 
| 
ex OZ 
; 
ox Vetem. 
j etem Y 
a? Lore] O12) stem. 
‘Clem. 
= 
a2 
Ue Fic. 3. Fic. 5. 
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form of not very rapidly converging infinite trigono- 
metric series. Corresponding exact solutions can also 
be obtained for beams with isotropic coversheets (see 
references 1, 11, 13, 19,21). These same exact methods 
are, however, not suitable for the treatment of tapered 
beams, while the present method, as shown, remains 
usable. Also the general expressions, Eqs. (55) and 
(56), are mainly due to the fact that the present approxi- 
mate solution has a considerably simpler form than 
obtainable exact solutions. 

It may further be said that another way to obtain 
solutions consists in assuming for the coversheets a 
sheet-stringer combination with the stringers carrying 
only normal stresses and the sheets carrying only shear 
stresses (references 2, 3, 5, 6, 8, 9, 10). This method, 
which has been developed furthest in referenc 6, while 
perhaps preferable to the present method for the analy- 
sis of semimonocoque structures does seem to be less 
suitable for the analysis of pure monocoque construc- 
tion. 
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Method of Computing the Dimensions of 
Airplane Engine Intercoolers 
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ABSTRACT 


A theoretical study of heat flow in heat exchangers forms the 
basis of a rational method of determining the size of an airplane 
engine air-air intercooler required to satisfy specified design con- 
ditions. The theoretical equations are set up so that for any 
given intercooler type the characteristic coefficients can be found 
from a limited amount of experimental test data. Then with 
these coefficients the theoretical equations are made solvable for 
the three overall cooler dimensions in terms of allowable pressure 
drops for engine and cooling air, and heat dissipation required. 
Test data on a commercially available airplane engine inter- 
cooler were analyzed, and the correlation between the theoretical 
equations with empirical coefficients and the experimental data 
was within 6 per cent maximum deviation on volume of cooler 
required for given heat dissipation. 


INTRODUCTION 


bes STEADY increase in the power of airplane en- 
gines, airplane speed and design altitude has 
greatly magnified engine cooling problems. In addi- 
tion to the necessity of providing cooling for engine oil 
and engine coolant, there has arisen the need of cooling 
the engine air charge following its compression in 
centrifugal blowers at high altitudes. The engine 
manufacturer’s altitude power guarantees are based on 
certain specified charge temperatures and it is the re- 
sponsibility of the airplane designer to see that those 
temperature limitations are satisfied. Serious losses 
in engine power will result if the charge temperatures 
are above normal and this may mean the difference 
between meeting or falling under airplane speed and 
climb performance guarantees. Thus the proper de- 
sign of engine air intercoolers becomes of utmost im- 
portance. 

The choice of intercooler size for a particular in- 
stallation has always been a rule of thumb procedure. 
In a very few cases, there have been test data available 
on a cooler type, but such tests have never duplicated 
actual operating conditions. Where experimental data 
has been available, questionable methods have been 
used in extrapolating to altitude conditions and different 
cooler sizes. 

By approaching the problem on a theoretical basis, 
the authors have attempted to rationalize the design 
and selection of intercoolers for specified conditions. 


SYMBOLS USED 


The ft.-Ib.-sec. system has been used in preference to 
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the ft.-Ib.-hr. system favored in heat transfer work, be- 
cause the former follows aeronautical engineering prac- 
tice. 


A = effective heat transfer surface, sq.ft. 
A, = mean or average effective heat transfer 
surface, sq.ft. 
Ap = face or header area of heat exchanger on 
cooling air side, sq.ft. = l’m 
A,’ = face or header area of heat exchanger on 
engine air side, sq.ft. = lm 
a, = coefficients in Nusselt equation 
b = coefficient in equation for pressure loss due 
to sudden contraction of flowing stream 
C, Cm, C1 = Coefficients in heat flow equation 
D = inside diameter, ft. 
€1, €2,€3 = coefficients used in solution of simultane- 
ous heat and pressure equations 
f = friction coefficient for fluid flow through 
pipes 
=F = total head loss in the general Bernoulli 
equation due to friction and turbulence, 
ft.lb./Ib. 
G = weight velocity of air flow, Ib./(sec.) 
(sq.ft. of cross-section) 
g = acceleration due to gravity, 32.2 ft./(sec.) 
h = surface heat transfer coefficients, B.t.u./- 
(sec.) (sq.ft.) (deg. F.) 
j = coefficient in equation for friction coef- 
ficient 
K = ratio of free flow cross-section area to face 
area on cooling air side 
k = thermal conductivity of air, B.t.u./(sec.) 
(sq.ft.) (deg. F./ft.) 
Rw = thermal conductivity of heat exchanger 
walls 
Ly = wall thickness of heat exchanger, ft. 
l = intercooler dimension in cooling air direc- 
tion, ft. 
I’ = intercooler dimension in engine air direc- 
tion, ft. 
m = third intercooler dimension, ft. 
N = Nusselt factor modifying, ¢,, for cross flow 
p = static pressure, absolute, lb./sq.ft. 
Ap = static pressure drop across cooler in cool- 
ing air direction lb./sq.ft. 
Q = quantity of heat flow, B.t.u./sec. 


cf 
Nan 
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R,, Re, R3, R, = thermal resistance, deg. F/(B.t.u./- 


sec.) 

R = gas constant = 53.3 for air. 

r = hydraulic radius, ft. = cross-sectional 
area + wetted perimeter = D/4 for 
tube 

T = absolute temperature, deg. F. 

t = temperature, deg. F. 

hes = logarithmic mean temperature difference 
for counter-current flow 

U = over-all coefficient of heat transfer, B.t.u./ 
(sec.) (sq.ft.) (deg. F.) 

u = velocity, ft./sec. 

Ug, U, = velocities in the general Bernoulli equa- 
tion, ft./sec. 

V = volume of intercooler, cu.ft. 

v = specific volume of air, cu.ft./Ib. 

v; = average specific volume of air at inter- 
cooler inlet, cu.ft./Ib. 

v% = average specific volume of air at inter- 
cooler exit, cu.ft./Ib. 

Vay = average specific volume of air within core, 
cu.ft./Ib. 

W = weight rate of flow of cooling air, Ib./sec. 


m,n, €é, Ss = exponents 

Cp = specific heat of air at constant pressure 
hD/k = Nusselt number 

DG/u = Reynolds Number 

= Prandtl group 

m = absolute viscosity of air, lbs./(sec.) (ft.) 


All primed symbols pertain to the engine air, in con- 
trast to the unprimed symbols which pertain to the 
cooling air. 


THEORETICAL TREATMENT 
Heat Flow Equations 


In the calculation of steady heat flow in any heat 
transfer apparatus there are three basic independent 
equations expressing the quantity of heat being trans- 
ferred in unit time. (See reference 1, Chapter VI.) 
The quantity of heat per unit time given up by the en- 
gine air may be expressed as: 


Q = — (1) 


Likewise, the quantity of heat per unit time absorbed 
by the cooling air may be given as: 


Q = — h) (2) 


Eqs. (1) and (2) are expressions for the total heat or 
enthalpy change and therefore properly should include 
the change in kinetic energy across the system, however, 
this is usually small, 7.e., less than 2 per cent of total, 
and it is customary in dealing with steady flow heat 
exchangers to neglect it. 

The third relation expresses the rate of heat flow 
through the walls separating the two air streams, 


40 
JOSS 
SASS 
re) 2 40 
Fic. 1. Nusselt cross flow factor, N. For 


modification of logarithmic mean temperature 
difference for cross-current flow heat exchangers. 


Q = VAntn (3) 


where the logarithmic mean temperature difference for 
counter-current flow is, 


(t2’ — h) — — 


— h) 
(ty! te) 


Practically all air-air intercoolers are of the cross flow 
type, 7.e., the engine air moves at right angles to the 
cooling air. For this condition, Nusselt has shown 
(reference 2) that the logarithmic mean temperature 
difference for counter-current flow must be multiplied 
by a factor dependent on certain temperature ratios, 
Fig. 1. Thus for the cross flow intercooler, Eq. (3) 
becomes: 


Q = UA,,Nt» (4) 
By means of the resistance concept of heat flow, the 


total resistance in a series of thermal resistances can 
be given as: 


R, = Rit Re + Rs + 


or in the case of heat flow from the engine air through 
the walls of an intercooler and into the cooling air the 
total resistance is: 


"EP 


Lw 1 
+ — 


kA, hA 


h'A’ 
The wall resistance is always very small in relation to 
the surface, or film, resistances and it is customary 
practice to neglect it altogether. Thus the total re- 


sistance becomes: 
1 1 1 
= — 
wa’ + hA 


Inasmuch as these are effective areas and are therefore 
difficult to evaluate accurately, it will be advantageous 


| 
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to express them in terms of the volume. It is evident 
that for a given geometry of cooler the surface areas 
are directly proportional to the volume of the cooler. 
Therefore by taking A = cV the total resistance may be 
written: 


1 1 1 


= 5 
R CmUV chV ©) 
and Eq. (4) may be stated: 

Q = (6) 

By combining Eqs. (5) and (6), 

1 1 

7 
Q ch (7) 


Nusselt showed by dimensional analysis that the 
surface heat transfer coefficient is of the following form 
(reference 1, Chapter VII): 

“Na 
The validity of this equation has been shown by in- 
numerable tests of gases, water and oils flowing through, 
over and around smooth tubes, rough tubes, finned 
tubes, flat plates, flat plates with fins, baffled and un- 
baffled banks of tubes, coiled tubes and many other mis- 
cellaneous combinations. 

In the particular case of the air-air intercooler, the 
Prandtl group, (c,u/k)”, can be assumed constant, the 
variation being less than 3 per cent over the tempera- 
ture range normally encountered. The exponent e is 
accepted as zero for long tubes. For short tubes 
where an appreciable length of flow is affected by en- 
trance conditions there is some possibility that e may 
not be zero; but because definite proof of this is lacking, 
it will be assumed that e is zero. Therefore Eq. (8) 

hD _ 


becomes 
(2) 
k 
or in terms of the hydraulic radius, r = D/4, 
(Hey 
4r 
W/KAp, hence 


Eq. (7) can now be written 


(8) 


h 


But by definition, G 


(9) 


_ 1 4 1 
c’a,’— 
‘4r\uKA p 
This is the general heat flow equation for all types of air- 


air heat exchangers. In the particular case where a 
certain geometric type of cooler is under consideration, 


(10) 
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Eq. (10) can be somewhat simplified. By a geometric 
type of cooler is meant one with fixed geometric char- 
acteristics such as the hydraulic radius of the flow 
channels, the free flow area ratio, and the ratio of ef- 
fective heat transfer surface to volume of cooler. 
Stated another way, a cube of unit dimensions removed 
from a given cooler will have certain structural features 
which will be characteristic of that geometric type; 
then regardless of the sizes or overall dimensions of any 
other cooler of that geometric type, a unit cube taken 
from the cooler will exhibit the characteristic structure 
common to that type. 

Thus the heat flow equation for a particular geo- 
metric type of air-air intercooler can be written as fol- 


lows, 


VNtp 1 1 
Q w\" + Ww’ n’ 
F 


Where the hydraulic radius and free flow area ratio 
have been thrown in with the other constant terms, 
leaving but two coefficients and two exponents which 
must be determined experimentally. 


(11) 


Pressure Drop Equations 


In addition to the heat transfer characteristics, it is 
also necessary to determine the pressure changes asso- 
ciated with the flow of air through the exchanger. 
These pressure changes arise from several sources: 
the sudden contraction in section at the cooler entrance, 
the friction drag of the fluid through the interior chan- 
nel, the change in velocity head through the core due 
to the variation in specific volume caused by the heat 
transfer, and the rapid expansion at the cooler exit. 

Equations for the pressure changes are based on the 
general Bernoulli relation, 


b 
= 
2g a 


By assuming an average value for the specific volume, 
equation (12) may be written, 


(12) 


Uy? | =F 
Van 


Then the pressure change across the inlet section is, 
us? — 

where v; is used as the average inlet specific volume. 
The last term of Eq. (14) represents the pressure loss 
due to the sudden contraction of the cross-sectional 


area of the duct at the cooler inlet. The coefficient 5 
is a function of the free flow area ratio (reference 1, 


p= (14) 


page 121). 
The pressure change through the core tubes is, 
2 2 
po — Ps U3 U2 Ses (15) 
av 


= 
at, 
‘ 
1 
a 
= 
+ 
? 
x) 
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where v,, and u“,, are the average specific volume and 
velocity in the core tube. The last term of Eq. (15) 
is the Fanning relation for pressure drop due to friction 
of fluids or gases flowing in straight pipes. (Reference 
1, page 109.) The friction coefficient can be expressed 
as a function of the flow Reynolds Number, 


f=j(RNJ =j (Ss) 


Kayan 


The values of j and s will vary with wall roughness, and 
range of Reynolds Number, but in general for a given 
working range, the friction coefficient can be closely 
approximated by single values of j and s. 

The pressure change at the exit expansion is, 


= 2 
U4 Us + (us Us) (16) 


where v, is the average specific volume between sections 
3and4. The last term of Eq. (16) is the Borda shock 
loss resulting from rapid expansion of flowing gases or 
fluids (reference 1, page 121). 

The total static pressure drop across the cooler is 


then, 


Ps = 


bu? (us us)? (17) 
2grVay 
By replacing the velocity terms as follows, 


and inserting the Reynolds Number function for f, 
Eq. (17) can be rewritten as 


Ww 1 b-1 
2grK°A MayKA 


This is the general pressure drop equation for all 
types of heat exchangers. Values for the free flow area 
ratio and the hydraulic radius may be determined 
from the geometry of the cooler, or if sufficient test data 
is available, it may be possible to determine mean or 
effective values based on experiment. 


SOLUTION OF EQUATIONS FOR REQUIRED INTERCOOLER 
SIZE 


Taken independently, Eqs. (11) and (18) are of no 
value in determining the intercooler size required to 
meet given heat dissipation conditions. By a simul- 


taneous solution of the heat Eq. (11), and two pressure 
drop Eqs. (18) for engine air and cooling air passes, an 
intercooler size to meet a specific requirement can be 
found. Eq. (11) may be rewritten as follows, 
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(Im)(’m) (zy + 


m akNt, \W. 
Q ( y 
\wi) (19) 


Where the volume has been replaced by the three over- 
all dimensions, /, /’ and m, and the frontal or header 
area by /m and /’m for engine and cooling air sides. 

By dividing through by Ap and making the /, /’ and m 
substitutions, Eq. (18) for the cooling air side may be 
stated as: 


Ww? 1 1 b-1 
{on ( 1) K? i) 
(I'm)? K 4/ (l'm)?-*m 


and similarly for the engine air side: 


(20) 


‘| 1 7 (“2 


1 + (“") l'm 
(lm)? 2g K’ (lm)? 


These three simultaneous equations may be solved for 
the three variables /, /’ and m, in the following manner. 
First the known factors are grouped into single coef- 
ficients, thus: 


(21) 


x 


1 


= 


Ce) 
2gAp(r)*'\K 
48 (=) 
2g Ap'(r’)t! 4 
(=) 
\W. 


y 
Ntm 


For a given intercooler problem, all the above coeffi- 
cients will assume definite values. 

Then Eqs. (19), (20) and (21) may be written as fol- 
lows: 

(/m)( l _ 


m 


e3(l’m)" + e3'(lm)”" (22) 


4 
= 
1 
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23 
(I'm)? + (23) 


(lm)? (lm)?~5 m 


Solution of Eq. (22) for Jm/m and substitution in Eg. 
(23) gives, 


3-s 1—s 1/n’ 
€2€3 
and similarly, solving Eq. (22) for /’m/m and substitu- 
tion in Eq. (24) gives, 


(I’m) = | 
and from Eq. (22) is obtained, 


(lm) (1'm) 


Consider Eqs. (25), (26) and (27) as simultaneous in the 
variables /m, l’m and m. The pair of Eqs. (25) and 
(26) may be solved graphically for the values /m and l’m 
and on substituting these values in Eq. (27), a value of 
m is obtained. Knowing the value of these three 
variables, it is evident that the dimensions of the cooler 
and volume of the cooler are known. 
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Fic. 2. Geometry of representative intercooler. 


ANALYSIS OF A COMMERCIAL AIR-AIR INTERCOOLER 


Rather limited test data on a representative type of 
commercially available airplane engine intercooler 
was obtained by the authors for analysis. Its geo- 
metrical characteristics are shown in Fig. 2. In this 
particular cooler, the hydraulic radius and the free 
flow area ratio on the cooling air side are equa] to those 
on the engine air side. Therefore, in Eq. (11), q = a’, 
and = n’, hence, 
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Fic. 3. Grouping of test points obtained with n = 0.6 
in Eq. (28). Mean value of c, = 211 is shown by the 
straight line through the origin. 
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The construction of the cooler is such that the heat 
transfer surface is analogous to a finned flat plate. 
In the case of heat transfer by forced convection from a 
flat plate, it has been reasonably well established that 
n = 0.75, approximately, and theoretical analysis has 
shown that for a short metallic fin surface, ” is equal to 
one-half of that for a flat plate (reference 3). There- 
fore it may be expected that the value of m for the cooler 
will lie somewhere between these two extremes. Using 
several values of m in this region, the available test 
data were analyzed by Eq. (28). Ona plot of the right 
vs. left-hand sides of the equation, the value of m = 0.6 
gave the best grouping of test points about a straight 
line through the origin. (See Fig. 3.) The corre- 
sponding value of c; was 211. Therefore, Eq. (28) 
for the commercial intercooler becomes, 


_ 1 4 1 
= 0.6 1\0.6 
p’lm 


pl'm 
The coefficients in the pressure drop Eq. (18) were 
determined in the following manner. In the range of 
Reynolds Numbers encountered in this intercooler, 
1.e., below 10,000, the value of the friction coefficient 


for turbulent flow may be given as (reference 1, page 
110), 
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AIRPLANE ENGINE 


The free flow area ratio was known to be approximately 
0.4 for the cooler, but the geometric hydraulic radius 
was not known accurately and therefore a mean value 
was determined from the test data and Eq. (18). 
Using K = 0.4 and a mean r = 0.00205 feet, Eq. (18) 
for the intercooler, cooling air side is, 

658W 


5.132;) + x 


W \-** (30) 
Mav! ‘m 


and similarly for the engine air side, 
_ 
2¢(Im)? 


Ap (9.500, — 


~ Qe(I'm)? 


(9.500, — 5.130,’) + 


w’ (31) 
Hay lm 


The observed and calculated pressure drops from 
Eqs. (30) and (31) are tabulated for several cases in 
Table 1. The agreement is sufficiently good to show 
the validity of Eq. (18). 


Ap’ 


TABLE No. 1 


Experimental vs. Calculated Pressure Drops Air-Air Intercooler 
Engine Air Static Pressure Drop 


= 16.58 cu.ft./Ib., 4’ = 200°F., po = 2120 Ib./sq_ft. 


% 
Mav’ X Devi- 
Ve’, 10-5, ation 
Lbs./- Cu.Ft./-  Lb./- te’, Ap’, Lbs./Sq.Ft. from 
Sec. Lb. Sec.Ft. Calc. Obs. Exper. 
0.667 15.08 1.40 137.5 8.5 8.5 0 
0.667 14.60 1.38 118.5 8.4 8.5 —1.2 
1.000 15.41 1.40 147.9 17.7 17.0 4.1 
1.000 14.88 1.39 127.7 17.3 17.0 1.8 
1.500 15.80 1.42 158.7 37.2 36.5 1.9 
1.500 15.27 1.40 138.4 36.4 36.5 —0.3 
2.000 15.97 1.43 166.5 63.5 64.0 —0.8 
2.000 15.72 1.40 146.6 61.6 64.0 —3.8 
2.333 16.50 1.43 170.3 84.8 85.0 —0.2 
2.333 16.03 1.40 151.2 82.5 85.0 —2.9 
Cooling Air Static Pressure Drop 
vi = 14.14 cu. ft./lb., 4 = 100°F., po = 2120 Ib./sq. ft. 
% 
Devi- 
W, Ve, par, X 1075 ation 
Lbs. /- Cu. Lb./- te, Ap, Lbs./Sq.Ft. from 
Sec. Ft./Lb. Sec.Ft. Calc. Obs. Exper. 
0.916 15.33 1.31 142.2 14.1 15.0 —6.0 
0.916 15.83 1.33 163.6 14.5 15.0 —3.3 
1.400 15.15 1.30 132.2 30.0 30.0 1) 
1.400 15.75 1.32 155.0 30.7 30.0 2.3 
1.880 15.13 1.29 125.5 50.0 50.0 0 
1.880 15.75 1.32 147.0 61.7 50.0 3.4 
2.350 15.22 1.29 121.4 74.5 75.0 —0.7 
2.350 15.73 1 2 76.6 75.0 2.1 
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The Reynolds Number for the lowest flow rate, 0.667 
Ibs./sec., is approximately 1400. For smooth straight 
pipes this is well below the transition Reynolds Num- 
ber and laminar flow would ordinarily be expected. 
McAdams (reference 1, page 110) indicates that turbu- 
lent flow may exist in smooth straight pipes down to 
R.N. = 3000. However it seems likely that the sharp 
edge entrances to the cooler core would cause the flow 
to be turbulent well below the normal region for straight 
pipes; this is confirmed by the data of Table 1 which 
indicates no marked deviation from the turbulent flow 
equation at the lower flow rates. For given experi- 
mental heat dissipation and pressure drops, it was 
possible to check the cooler volume within 6 per cent by 
using the empirical coefficients as determined above. 


DETERMINATION OF INTERCOOLER SIZE REQUIRED TO 
MEET SPECIFIED DESIGN CONDITIONS 


Assume that it is desired to find the dimensions of an 
intercooler of the type analyzed above to meet the fol- 
lowing conditions: 


Engine b.h.p. = 1500 

Altitude = 25,000 ft. 

Outside air temp. = 10°F. 

Engine airflow = 3.3 lbs./sec. 

Supercharger exit temp. = 200°F. 

Supercharger exit pressure = 26 in. Hg = 
Ibs./sq.ft. 

Required engine air temperature out of cooler = 100° 
F. 

Allowable engine air pressure drop through cooler = 
0.85 in.Hg. = 60 lbs./sq. ft. 

Allowable cooling air pressure drop through cooler = 
40 lbs./sq.it. 


1840 


Therefore: 


= 10°F., 200°F., = 100°F., Ap’ = 60 
Ibs./sq.ft., Ap = 40 Ibs./sq.ft., W’ = 3.3 Ibs./sec. 


For the first solution, assume W = W’. Then from 
Eqs. (1) and (2), #2 = 110°F., and Q = 79.2 B.t.u./sec. 
The several specific volumes can be determined from the 
pv = RT relationship: v; = 30.3, v, = 38.7, v,, = 
34.5, v; = 19.1, 0,’ = 16.8 and v,,’ = 18.0 cu.ft./Ib. 
From the average cooling and engine air temperatures, 
the thermal conductivities and viscosities are, Fig. 4: 
k = 3.75 X 10, k’ = 4.25 X 10, w = 1.20 X 10>, 
uw’ = 1.36 X 10>. In this particular case 4)’ — 4’ = 
tg — 4, and the logarithmic mean temperature difference 
is equal to the arithmetic mean, or 

+h’ hth 


m 9 


= 90° 


The Nusselt factor is obtained from Fig. 1, N = 0.89. 
As determined in the section on Analysis of a Commer- 
cial Air-Air Intercooler, the characteristic coefficients 
for the intercooler are: K = 0.4, r = 0.00205 ft., 


J 
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Fic. 4. Viscosity and thermal conductivity of air. 
Viscosity in Ibs./(sec.)(ft.). Thermal conductivity in / 
B.t.u./(sec.) (sq.ft.) (deg. F./ft.). 
b = 0.34, 7 = 0.082, s = 0.25, for the pressure equa- é (En) 
tions; and c,; = 211, m = 0.6 for the heat equation. ° 4 2 12 16 20 24 


The e coefficients of the simultaneous equations may 
now be evaluated with the above data: e, = 0.90, 
é:' = 0.175, e: = 4.20, ee’ = 1.51, es = 0.68, and e;’ = 
0.65. 


Then Eq. (25) may be written: 
(lm) = [0.366(1’m)?7> — — 


1.047 (32) 
and Eq. (26): 
(I’m) = — 0.170(Im)o75 — 
0.955 (33) 
and Eq. (27): 
(Im) (I’m) (34) 


~ 0.68(1’m)** + 0.65(Im)°* 


Graphical solution of simultaneous Eqs. (32) and 
(33) is shown in Fig. 5, from which (lm) = 1.53 and 
(I'm) = 2.31. Then from Eq. (34), m = 1.80 ft. and 
1 = 0.85 ft., /’ = 1.28 ft. Therefore, to meet the 
specified conditions with a cooling airflow equal to en- 
gine air flow, an intercooler 10.2 K 15.4 X 21.6 inches 
will be required. With other rates of cooling air flow, 
the required cooler size will change. In Fig. 6 are 
plotted intercooler dimensions and volume vs. cooling 
air flow for the above specified conditions. The final 
choice of cooler size will probably be governed by space 
available, allowed weight, and ducting problems; any 
cooler shown in Fig. 6 will provide the necessary cooling. 


CONCLUSIONS 


A theoretical analysis of the airplane engine air-air 
intercooler has been developed. As a result of this 
study, three simultaneous equations are obtained, 


Fic. 5. Graphical solution of simultaneous Eqs. 
(32) and (33). 


which are solvable for the three linear dimensions of the 
intercooler. Certain constants in these equations can 
be obtained only from experimental test data of the 
particular type of cooler under consideration. How- 
ever, once these constants have been obtained, then 
the size of intercooler required to satisfy a given set of 
operating conditions may be correctly predicted. 

The operating conditions are determined by specify- 
ing the following values: (1) engine air weight flow, 
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Fic. 6. Required intercooler dimensions to meet 
conditions specified in sample problem. Variation 
with cooling airflow. 
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initial temperature and pressure, required temperature 
drop and allowable pressure drop (2) cooling air 
weight flow, initial temperature and pressure and al- 
lowable pressure drop. 

If all these conditions are fixed, then the dimensions 
and volume of a given type of intercooler satisfying 
them are uniquely determined. 

But in a practical case, considerable latitude may 
often be taken in the value of the weight flow of cooling 
air, in which case many different intercoolers will satisfy 
the remaining operating conditions. As the weight 


flow increases, all three dimensions of the intercooler 
change but in such a manner that the volume decreases, 
consequently the final choice must be a compromise be- 
tween the space available for the intercooler, the 
weight of the intercooler and ducting problems. 
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Analysis of the experimental and structural data of a 
commercially available intercooler gave the necessary 
coefficients for this type of cooler. These coefficients 
were inserted in the theoretical equations and then, as- 
suming operating conditions corresponding to the test 
data, the equations were solved for dimensions and vol- 
ume. The volumes computed in this manner, checked 
within 6 per cent of the volumes used in the test data. 
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Institute Notes 


OFFICERS’ WESTERN TouR 


The President of the Institute, Frank W. Caldwell, and the 
Executive Vice-President, Lester D. Gardner, recently visited 
the Stearman, the Beechcraft and the Cessna factories in Wichita. 
At San Diego they visited the Consolidated and Ryan factories. 
In Los Angeles and vicinity they visited the Douglas, Lockheed, 
Vega, North American, Vultee and Northrop factories, and the 
California Institute of Technology. Later they visited Stanford 
University, and inspected the new laboratories and wind tunnels 
of the Ames Aeronautical Laboratory of the N.A.C.A. at 
Moffat Field. 


SuMMER MEETING 


It has been decided after discussions with Dr. A. L. Klein, 
Chairman of the Los Angeles Section, and Prof. Elliott G. Reid 
of Stanford University, that it would be inadvisable to hold a 
formal summer meeting on the West Coast this year. It was the 
unanimous opinion that members were too busy to prepare 
papers and attend such a meeting. Instead, local meetings will 


be held as usual. 


SECTIONS 


Notre Dame. The following officers were elected for the year 
1941-42: R. S. Eikenberry, Chairman; E. G. Mahin, Vice- 
Chairman; J. A. MacLean, Secretary; and E. M. Zerbe, Treas- 
urer. After the business meeting, held on April 23, William S. 
James, Chief Engineer of the Studebaker Corporation, gave a 
talk on ‘Some Aspects of Internal Combustion Engine Design.” 
The meeting was attended by about 65 people. 

San Diego Section. At the organization meeting of this new 
Section of the Institute held on March 28, officers were elected 
as follows: Stanley H. Evans, Chairman; Thomas P. Faulconer, 
Vice-Chairman; and Fred C. Rosacker, Secretary-Treasurer. 
At the second meeting on April 24, Ernest G. Stout spoke on 
“Experimental Determination of Hydrodynamic Stability.” 


STUDENT BRANCHES 


Aeronautical University. Talks by William Howard, on gyro- 
scopes, and A. M. Drummer, on the VS-300 Helicopter, were 
given at a meeting held on March 20. 

Casey Jones School of Aeronautics. On April 9, new officers 
were elected as follows: J. Donahue, Chairman; C. Schell, 
Vice-Chairman; William W. Thomas, Secretary; and John W. 
Russo, Treasurer. 

University of Detroit. At a joint meeting with the University 
of Detroit Flying Club, the Student Branch presented the Con- 
solidated Aircraft Corporation film on the making of the Con- 
solidated flying boat for the Navy. The meeting was held on 
April 2 with an attendance of more than 60 members. 

Iowa State College. New officers were elected as follows: 
Charles W. Burkland, Chairman; Richard J. Gifford, Vice- 
Chairman; Gibbs S. Raetz, Secretary; and Slater O’Hare, 
Treasurer. At a meeting held on April 2, C. W. Gatschet, Chair- 
man of the Iowa Air Commerce Commission, gave a talk on 
various non-technical phases of aviation. 

Ryan School of Aeronautics. The formation of this new 
Student Branch took place at a meeting held on February 5 
with Stanley H. Evans, Director of Engineering, presiding as 
Faculty Sponsor. Officers were elected as follows: E. R. Hawley, 


Chairman; W. B. Sayner, Vice-Chairman; and R. F. Cerna, 
Secretary-Treasurer. A dinner meeting was held on March 4 
which was attended by practically the entire engineering student 
body. Students G. Crowther and R. F. Cerna presented a paper 
on “Preliminary Airplane Design.”’ 

Stanford University. Frederick B. Farquharson, Associate 
Professor of Civil Engineering, University of Washington, gave 
a brief talk, followed by motion pictures, of the Tacoma Bridge. 
Guests included a group of engineers from the Ames Aeronauti- 
cal Laboratory staff of the N.A.C.A. 

Wayne University. Ralph Upson, Chief Engineer of the Stout 
Skycraft Corporation, spoke on all-metal lighter-than-air craft 
at a meeting held on April 4. 


GIFTS TO THE INSTITUTE 


Major James H. Doolittle presented a miniature painting of 
the balloon used by Dr. J. A. C. Charles in 1784. 

A Stratoliner model was presented to the Archives by TWA, 
Inc. 

William B. Stout sent a small helicopter model which had been 
bought by Octave Chanute in Europe. 

The Puritan Compressed Gas Company gave an oxygen mask 
for use when flying at high altitudes. 


PERSONNEL OPPORTUNITIES 


The Personnel Bureau serves individual members, as well as 
organizations seeking to employ aeronautical specialists. Any 
member or organization may have requirements listed without 


charge. 


Wanted 


Maintenance Engineering Department of established air trans- 
port company has openings for four graduate engineers with 
maintenance or manufacturing experience. Address reply to 
Box 132, Institute of the Aeronautical Sciences. 


Wanted 


Small aircraft company which is manufacturing molded plastic 
plywood airplanes and parts has several openings for engineers 
with experience in drafting and/or stress analysis; company is 
located in the vicinity of New York City. Include photograph 
and salary desired in reply: Box 133, Institute of the Aeronau- 


tical Sciences. 


News oF INstiruTE MEMBERS 


Most of the following notes having to do with new positions 
held by Institute members have been received since the publica- 
tion of the Membership Roster, appearing with this issue of the 
Journal. Members are invited to send in news of their activities 
so that their biographical records may be kept up to date and 
notices published here for the information of other members. 

Lawrence D. Bell, M.I.Ae.S., President of Bell Aircraft Corp., 
has been elected to the Board of Directors of the Sterling Engine 
Co. of Buffalo, N. Y. 

Giuseppe M. Bellanca, F.I.Ae.S., formerly President of 
Bellanca Aircraft Corp., was recently elected Chairman of the 
company’s Board of Directors and will also serve as consulting 
engineer. A. Felix du Pont, Jr., M.I.Ae.S., and J. Brooks B. 
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Parker, M.I.Ae.S., were among new members elected to the 
Board of Directors. 

Alexander T. Burton, M.I.Ae.S., Vice-President and Manager 
of the Texas Division of North American Aviation, Inc., has been 
assigned as the company’s representative in Washington, D. C. 

A. A. Boen Hartsinck, M.I.Ae.S., formerly American represen- 
tative of K.L.M. (Royal Dutch Airlines), has joined Ludwig 
Henig in the organization of G. M. & L. Henig Co., technical 
and financial aeronautical consultants in New York City. 

Charles H. Dolan, A.F.I.Ae.S., is now President of the Wis- 
sahickon Tool Works, Inc., of Bala-Cynwyd, Pa. He was 
formerly Vice-President of Intercontinent Corporation. 

William Kenneth Ebel, A.F.I.Ae.S., has been elected to the 
Board of Directors and named Vice-President in charge of Engi- 
neering of The Glenn L. Martin Co. In addition to being re- 
sponsible for all the engineering work of the company, of which 
he was previously Chief Engineer, he will also retain his old title 
of Chief Test Pilot. 

Dr. Howard W. Barlow, A.F.I.Ae.S., Head of the Department 
of Aeronautical Engineering at the Agricultural and Mechanical 
College of Texas, announces that Edgar J. Lesher, Technical 
Member, has joined the Department as an Instructor in Aero- 
nautical Engineering. Dr. Barlow became Head of the Depart- 
ment when it was organized at Texas A. & M. this year. He was 
formerly Associate Professor of Aeronautical Engineering at the 
University of Minnesota and had recently been an exchange pro- 
fessor at New York University. 

Louis Malkovsky, M.I.Ae.S., Factory Manager of the Sperry 
Gyroscope Co., has been elected Vice-President in charge of 
Production for the company. 

Orville E. Mohler, M.I.Ae.S., has been promoted from Sales 
Manager to Vice-President in charge of Sales for the Menasco 
Manufacturing Co. 

It is announced by Northrop Aircraft, Inc., that Dr. William 
R. Sears, M.I.Ae.S., has become Head of its Aerodynamics De- 
partment. Dr. Sears will also countinue to devote part of his 
time to duties as Assistant Professor of Aeronautics at California 
Institute of Technology until June of this year. 

Comdr. D. W. Tomlinson, M.I.Ae.S., Vice-President in charge 
of Engineering for TWA, has been named Chairman of a special 
sub-committee of the N.A.C.A. to study the, problems of icing 
in aircraft operation. Among those appointed to this group of 
fourteen members are John W. Crowley, Jr., A.F.I.Ae.S., from 
the staff of the N.A.C.A. at Langley Field, Frank W. Collbohm, 
A.F.1.Ae.S., Douglas Aircraft Co., Dr. W. C. Geer, A.F.I.Ae.S., 
research chemist, Willson H. Hunter, M.I.Ae.S., The B. F. Good- 
rich Co., C. L. Johnson, A.F.I.Ae.S., Lockheed Aircraft Corp. 
Dr. George W. Lewis, Hon. F.I.Ae.S., Director of Research, and 
S. Paul Johnston, A.F.I.Ae.S., Coordinator of Research of the 
N.A.C.A. are members-at-large. 

Guy W. Vaughan, M.I.Ae.S., President of the Curtiss-Wright 
Corp., has been elected a Director of Western Electric Co. 

The Board of Directors of the Sperry Gyroscope Co. elected 
James E. Webb, M.I.Ae.S., Treasurer on April 2nd. He had 
previously been Personnel Director and Assistant to the Presi- 
dent of the company. 

The Chancellor of New York University has announced the 
appointment of Charles H. Colvin, F.I.Ae.S. and Vice-President 
of the Institute, as Director of the university’s Daniel Guggen- 
heim School of Aeronautics. Mr. Colvin is now Acting Chief 
of the Instruments Division, U.S. Weather Bureau, and was pre- 
viously General Manager of the Kollsman Instrument Company. 
The appointment will become effective in September when Prof. 
Alexander Klemin, F.I.Ae.S. and member of the Institute’s 
Advisory Board, will retire as Director to accept the post of 
Guggenheim Research Professor of Aeronautics at N.Y.U. Pro- 
fessor Klemin has been the Director of the Guggenheim School 
since its establishment in 1925. In his new position he will di- 


rect aeronautical research in the fields of theoretical analysis and 
synthesis. 


CHANGES IN MEMBERSHIP 


The following changes in the membership of the Institute have 
occurred since the publication of the previous list in the Journal. 


ELECTED TO MEMBER GrapbE 


Alexeeff, Serge Alexander, M.I.Ae.S., Stress Engineer, Brewster 
Aeronautical Corp. 

Beckwith, William Boynton, S.B.; M.I.Ae.S.; Prof. in charge 
Meteorology, Boeing School of Aeronautics. 

Boothby, Walter Meredith, M.D.; M.I.Ae.S.; Head of Lab. for 
Research in Aviation Medicine, Mayo Clinic. 

Burchfield, William Filer, M.I.Ae.S.; Head of Fabricating Svc., 
Development & Research Div., International Nickel Co. 

Cattaneo, Alfred Giovanni, Dr.Ing.; M.I.Ae.S.; Research Engi- 
neer, Shell Development Co. 

Doman, Carl Templar, B.S. in E.E.; M.I.Ae.S.; Vice-President 
and Chief Engineer, Aircooled Motors Corp. 

Gilchrist, Gibb, C.E.; D.Sc. (Hon.); M.I.Ae.S.; Dean of Engi- 
neering, Agric. & Mech. College of Texas. 

Huss, Paul Oswald, Sc.D.; M.I.Ae.S.; Research Physicist & 
Asst. Prof. Meteorology, Guggenheim Airship Inst. 

Omori, Takeo, M.I.Ae.S.; Major, Japanese Army; Research 
Associate, Aeronautical Research Institute, Japan. 

Parker, Norman Alwyn, M.E.; M.I.Ae.S.; Prof. and Acting 
Head, Mech. Engg. Dept., Univ. of Colorado. 

Perry, Thomas D., S.B. in M.E.; M.I.Ae.S.; Sales and Product 
Engineering (Plywood & Adhesives), Resinous Products & 
Chemicals Co. (See W.W. in Eng.) 

Raymond, Leonard, M.A.; M.I.Ae.S.; Supervisor, Automotive 
Laboratory, Tide Water Associated Oil Co. 

Stetson, George Leander, M.S. in M.E.; M.I.Ae.S.; Engineer, 
Aviation Dept., Shell Oil Co. 

Townsend, Francis DeVere, B.S.E.; M.I.Ae.S.; 
dynamics Engineer, Bell Aircraft Corp. 


Chief Aero- 


ELECTED TO INDUSTRIAL MEMBER GRADE 


Hartley, Randolph, Jr., M.I.Ae.S.; Procurement Inspector, U.S. 
Army Air Corps. 

Locke, Arthur A., Regist. Professional M.E.; M.I.Ae.S.; In- 
structor Aero. Engineering, Wayne University. 

Williamson, Melvin Edward, M.I.Ae.S.; Writer of aviation ad- 
vertising and radio programs, Russell M. Seeds Co. 


ELECTED TO TECHNICAL MEMBER GRADE 


Abajian, Henry Krikor, M.E.; Power Plant Engineer, Vultee 
Aircraft, Inc. 

Barnes, Louis Estel, In charge of Engines, Hughes Aircraft Co. 

Black, Nelms, Gen. Mgr., Alfred Rooney Co. (Advtg). 

Blake, Charles Little, Wind Tunnel Assistant, Guggenheim Aero. 
Lab., Calif. Inst. of Technology. 

Brewster, James Henry, III, B.S. in Ae.E.; Jr. Aero. Engineer 
(Research), United Aircraft Corp. 

Brown, Harry Wesley, B.S. in M.E.; Instructor in Aero. Engi- 
neering, University of Texas. 

Crockett, Harold Brown, M.S. in M.E.; Jr. Stress Engineer, 
Lockheed Aircraft Corp. 

Crow, Lofton De Shong, B.S. in Ae.E.; Flight Instructor, Parks 
Air College. 

Dagley, Chester Anthony, Jr., B.S. in Ae.E.; Jr. Engineer, Boeing 
Aircraft Co. 

Davis, Frank Faville, B.S. in M.E.; Apprentice Aero. Engineer, 
United Air Lines Transport Corp. 

Engel, Barnard, B.Ae.E.; Aero. Engineer, Brewster Aeronautical 
Corp. 
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Galloway, Kenneth Moyes, Engineer, (St. Louis Plant) Curtiss- 
Wright Corp. 

Gottlieb, Robert, B.S. in M.E.; Asst. Mech. Engineer, Langley 
Memorial Aero. Lab., N.A.C.A. 

Hoey, Charles Joseph Raymond, B.S. in M.E.; Asst. Engineer- 
ing Officer, U.S. Army Air Corps. 

Kastan, Howard, B.Ae.E.; Jr. Stress Analyst, Lockheed Air- 
craft Corp. 

La Clare, Edward Francis, B.Ae.E.; Pilot, U.S. Army Air Corps. 

Martin, Harry Edwin, B.S.; Flight Research Engineer, Douglas 
Aircraft Co. 

Nutt, Ambrose Benjamin, B.S. in Ae.E.; Jr. Tech. Clerk (Engi- 
neering), Detroit Civil Service Commission. 

Pitman, Wayland Andrew, B.S. in Ae.E.; Aero. Engineer, Mono- 
coupe Aeroplane & Engine Corp. 

Quady, John Carl, S.B.; Jr. Stress Analyst, The Glenn L. Martin 
Co. 

Scull, Guy Hamilton, Co-Pilot, Mid-Continent Airlines. 

Stoessel, Robert Frederick, B.S. in M.E.; Research Engineer, 
Lockheed Aircraft Corp. 

Thomas, William Schoolfield, B.S. in Ae.E.; Jr. Aero. Engineer, 
C.A.A. 

Updegrove, Henry Taylor, Jr., M.S.; Instructor in Mech. Engg., 
College of City of New York. 

Walters, Earl Roy, Stress Analyst, Consolidated Aircraft Corp. 

Wehrenberger, Paul Henry, B.S. in M.E.; Layout (Power Plant), 
Brewster Aeronautical Corp. 

Yarber, Richard Francis, B.S. in M.E.; Shop Contact Engineer, 
Airplane Div. (Buffalo Plant), Curtiss-Wright Corp. 

Young, Harold Ellis, Student, Parks Air College. 


TRANSFERRED TO ASSOCIATE FELLOW GRADE 


William K. Ebel, Vice-Pres. in Charge Engineering, and Mem. 
Bd. Directors, The Glenn L. Martin Co.; Howard R. Moles, 
Asst. Project Engineer, Airplane Div. (St. Louis Plant), Curtiss- 
Wright Corp.; George F. Taylor, Senior Instructor, Weather 
Dept., Air Corps Technical School, Chanute Field. 


NECROLOGY 
GERALD EvANS BROWER 


Colonel Gerald E. Brower, an Associate Fellow of the Institute, 
was killed on April 20, 1941, at El Obeid, Anglo-Egyptian Sudan, 
while serving as an official observer of the United States Army 
Air Corps with the British Royal Air Force. 

Born in Brooklyn, N. Y., August 25, 1893, he attended Boys’ 
High School of that city. While at Cornell University, from which 
he graduated with the degree of Civil Engineer in 1916, he learned 
to fly and was president of the local aero club. He had pre- 
viously participated in gliding activities and was for a time in 
1915 and 1916 an engineer with Thomas Brothers Aeroplane 
Company of Ithaca, predecessors of Thomas-Morse Aircraft 
Corporation. 

He entered the Army in December, 1916, as a 2nd Lieutenant 
of Field Artillery and as a Captain saw service in the World 
War in the Toul Sector and in the St. Mihiel and Meuse-Argonne 
offensives. In 1918 he was detailed to the Air Service as an aerial 
observer with the 2nd Corps Aeronautical School in France and 
the next year with the Ist Aero Squadron at Wiessenthurm, 


Germany. 
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Upon his return to the United States, Colonel Brower was as- 
signed in August, 1919, to command the 20th Aero Squadron at 
Ellington Field, Houston, Texas, then as Operations Officer of 
the 166th Aero Squadron and the Ist Day Bombardment Group 
at Kelly Field until June, 1920. After a short tour of duty with 
the Field Artillery that Summer, he rejoined the Air Service and 
took flying training at its Pilot School at Carlstrom Field, 
Florida. Until August, 1921, he was Executive Officer and Ad- 
jutant of the Field Officers’ School at Langley Field, and com- 
pleted a course of training in that school in June, 1922. 

Then followed a year as a student at the Air Service Engineer- 
ing School at McCook Field (Dayton, Ohio), after which he re- 
mained as Chief of the Airplane Maintenance Section of the Engi- 
neering Division there until June, 1926. He also served as 
President of the Inventions Board. Upon completion of a year’s 
study at Massachusetts Institute of Technology in June, 1927, 
he received the degree of Master of Science in Aeronautics. Back 
at Dayton, he became Acting Assistant Chief Engineer of the 
Materiel Division, Wright Field, then Chief of the Special As- 
signments Unit and Chief of the Airplane Branch. 

From May, 1930, to July, 1932, Colonel Brower commanded 
the Ist Pursuit Group at Selfridge Field, Michigan, after which 
he was transferred to command of Clark Field, Philippine Islands, 
and the 3rd Pursuit Squadron. Beginning June, 1935, he took 
a one-year course of instruction at the Command and General 
Staff School at Ft. Leavenworth, Kansas. From then until 
September, 1938, he was attached to the Office of the Chief of 
the Air Corps, serving as Assistant Chief of the Supply Division 
and Secretary of the Air Corps Technical Committee. This 
was followed by a course at the War College and duty as an in- 
structor at the General Staff School at Ft. Leavenworth. 

Colonel Brower arrived at Cairo, Egypt, in November, 1940, 
to begin his assignment on the United States observation mis- 
sion with the British forces. In December the War Department 
announced his appointment as Chief of Staff for the Air Corps 
Northeast District, with headquarters at Mitchel Field, N. Y., 
which was to have become effective upon his return. 

Besides being a Founder Member of the Institute, Colonel 
Brower had also been a member of The Early Birds, The National 
Aeronautic Association and Lambda Chi Alpha Fraternity. 


Paut ERNEST MCKINNEY 


Paul Ernest McKinney, Metallurgical Engineer of the Beth- 
lehem Steel Company, and a MEMBFR of the Institute died 
on February 18, 1941, at his home in Bethlehem, Pennsylvania, 
after a brief illness. He was born in Reading, Pennsylvania, 
May 5, 1885. 

Mr. McKinney was an authority on the metallurgy and produc- 
tion of steel for ordnance, aircraft and other special uses. Before 
his affiliation with Bethlehem Steel Company, in 1929, he was 
superintendent of the Forge and Foundry Divisions of the United 
States Naval Gun Factory, in Washington, D. C., where he had 
served in various capacities since 1906. Prior experience also 
included work as Assistant Chief Chemist, Reading Iron Com- 
pany (1902-04) and Chemist, Warwick Iron and Steel Company, 
Pottstown, Pa. (1904-06). 

Mr. McKinney was a member of many professional societies, 
and presented numerous papers on metallurgical and related 
subjects in the press and at meetings of these organizations. 
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MEMBERSHIP ROSTER 


INSTITUTE OF THE AERONAUTICAL SCIENCES, INC. 


BIOGRAPHICAL I)ATA IN THE ROSTER 


The biographical information given in the list of 
individual members by grades has been compiled from 
data sent by these members. In the case of those re- 
siding in the United States and nearby countries, this 
information was checked or corrected shortly before 
publication of the Roster. However, since conditions 
abroad made it impossible to receive up-to-date in- 
formation from many members in foreign countries, 
the biographical entries for most of these are given i 
the same form in which they appeared in the last 
Membership Roster published in October 1939 and 
may or may not be correct at this publication. 

Members are requested to inform the Institute of 
any inaccuracies in this list and to give notice of 
changes as they occur so that the biographical files 
may be correct at all times. Changes in mailing 
address should also be sent in promptly and, if pos- 
sible, in advance of the dates on which they are to be- 
come effective, so that Institute mail and publications 
can be received without interruption. 


CORPORATE MEMBERS 


Corporate Members of the Institute are companies 
engaged in the manufacture or operation of aircraft 
or the production of equipment, services or supplies 
used in aeronautics which contribute annual dues 
toward the support of the Journal of the Aeronautital 
Sciences and other activities of the Institute. The dis- 
play pages throughout this Roster give the complete 
list of the companies which were Corporate Members 
in 1940. 


INDIVIDUAL MEMBERS 


The grade of membership in the Institute held by 
individual members is indicated on the Alphabetical 
List and by the arrangement of the Biographical List 
in groups according to grade. 

Honorary Fellows are elected each year by the Hon- 
orary Fellows of the Institute residing in the United 
States. Honorary Fellows must be persons of pre- 
eminence in aeronautics and no Honorary Fellow is 
elected unless three-fourths of all those voting approve 
his selection for that grade. Only one Honorary 
Fellow residing in the United States and one Honorary 
Fellow residing in a foreign country may be elected in 
any one year. 

Honorary Members of the Institute are elected by 
the Council for a period of one year. 

Benefactor Members are persons who, because of 
their interest in the advancement of aeronautics, have 
contributed to the Institute the sum of not less than 
one thousand dollars. 

Fellows are proposed and elected by the Honorary 
Fellows and Fellows of the Institute residing in the 
United States. A Fellow must have been an Associ- 
ate Fellow for at least one year and have attained a 


1941- 


1942 


position of distinction in aeronautics before being 
eligible for election. He must have made notable and 
valuable contributions in one of the aeronautical sci- 
ences or aeronautical engineering. Not more than ten 
Fellows residing in the United States and ten Fellows 
residing in foreign countries may be elected each year. 

Associate Fellows are elected to this grade upon 
application to the Admissions Committee only after 
they have been members of the Institute in some other 
grade for at least six months. They must ordinarily 
be over thirty years of age and have been personally 
responsible for important aeronautical developments. 
They should have been actively engaged for a mini- 
mum of five years in aeronautical engineering, re 
search, instruction or the application of science to 
aeronautics, or they should have attained an equiva- 
lent position in work closely allied to aeronautics or in 
the aeronautical arts and literature. Applicants for 
this grade must be recommended by four members of 
the Institute, including two Fellows or Associate Fel- 
lows. 

MEMBERS are ordinarily over twenty-five years of 
age and are persons who have completed approved 
courses in engineering and in addition have been en- 
gaged in aeronautical work for at least three years; or 
they may be persons who have been engaged for at 
least five years and acquired a recognized standing in 
aeronautical engineering, research, design, instruction, 
test flying, the application of special sciences to aero- 
nautics, or the technical development of the construc- 
tion or operation of aircraft, aircraft engines or other 
essential components or accessories of aircraft. 

Industrial Members are those engaged in the appli- 
cation or development of aeronautics who have ac- 
quired a recognized standing in the aeronautical field 
and wish to participate in the activities of the Insti- 
tute. 

Technical Members are former Student Members 
and others engaged in the technical or industrial 
branches of aeronautics or work closely allied to aero- 
nautics. 


STUDENT BRANCHES 


Student Branches of the Institute which have been 
formed at various schools giving aeronautical courses 
receive applications for the grade of Student Member. 

Student Members must be undergraduate or gradu- 
ate students taking aeronautical courses at a school or 
university where there is a member of the Institute on 
the faculty. By recommendation of the Institute 
member on the faculty who serves as Honorary Chair- 
man and on compliance with the rules established by 
the Council of the Institute for Student Membership 
and Student Branches, applicants may become Student 
Members and participate in Branch activities and the 
services furnished by the Institute. Upon graduation, 
Student Members become Technical Members of the 
Institute. 
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An Appreciation 
to Corporate Members of the 


Institute of the Aeronautical Sciences 


Listed below are the leading aeronautical and industrial companies who make possible the 
publication of the Journal of the Aeronautical Sciences through Corporate Membership Dues. 
The income from these dues enables the Institute to publish scientific and technical papers in 


the first section of the Journal without advertising and to devote its pages exclusively to editorial 


material. 


The deronautical Review is devoted to the dissemination of current aeronautical information 
of a broader scope and is supported by its advertisers and The Paul Kollsman Library Fund. 


This library lends aeronautical books and sends them by mail, without charge, to aeronautical 


specialists in any part of the United States. 


The above services provide a source of comprehensive technical information for the benefit 


of the aeronautical profession and industry. 


Aero Insurance Underwriters 


Aircraft Radio Corporation 
Aluminum Company of America 
American Airlines 
The American Rolling Mill Company 
The B. G. Corporation 
Bendix Aviation Corporation 

Export Division 

Bendix Products Division 

Eclipse Aviation Division 

Julien P. Friez & Sons Division 

Bendix Radio Corporation 

Pioneer Instrument Division 

Scintilla Magneto Company 
Boeing Aircraft Company 
Boeing School of Aeronautics 
Edward G. Budd Manufacturing Com- 

pany 

Carnegie-Illinois Steel Corporation 
The Cleveland Pneumatic Tool Company 
Consolidated Aircraft Corporation 
Curtiss-Wright Corporation 

St. Louis Airplane Division 

Curtiss Aeroplane Division 

Curtiss-Wright Propeller Division 

Wright Aeronautical Corporation 
Douglas Aircraft Company 

El Segundo Division 


Eaton Manufacturing Company 

Edo Aircraft Corporation 

Engineering and Research Corporation 
Ethyl Gasoline Corporation 


Fairchild Aviation Corporation 
Fairchild Aerial Camera Corporation 
Fairchild Aerial Surveys 


Fairchild Engine & Airplane Corp. 
Fairchild Aircraft Corporation 
Ranger Engineering Corporation 

Fleetwings, Inc. 

General Tire & Rubber Company 

The B. F. Goodrich Company 

Goodyear Tire & Rubber Company 

Grumman Aircraft Engineering Corp. 

Gulf Oil Corporation 

W. & L. E. Gurley 

The International Nickel Company 

Kollsman Division, The 


Instrument 


Square D Company 
Lockheed Aircraft Corporation 
Glenn L. Martin Company 
Norma-Hoffmann Bearings Corporation 
North American Aviation, Inc. 
Northrop Aircraft Inc. 
Northwest Airlines, Inc. 


Packard Motor Car Company 

Pan American Airways 

Pump Engineering Service Corporation 

Division, Borg-Warner Company 

The Pure Oil Company 

RCA Manufacturing Company 

Shell Oil Company 

Socony-Vacuum Oil Company 

Sperry Gyroscope Company 

Stanavo Specification Board, Inc. 
Standard Oil Company of Califorma 

Standard Oil Company (Indiana) 

Standard Oil Company of New Jersey 

Summerill Tubing Company 

The Texas Company 

Thompson Products 

Transcontinental & Western Air, Inc. 


United Aircraft Corporation 
Hamilton Standard Propellers 
Pratt & Whitney Aircraft 
Vought-Sikorsky Aircraft Division 


United Air Lines Transport Corporation 
United States Aviation Underwriters 
Westinghouse Electric and Mfg. Company 
Wyman-Gordon Company 
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BIOGRAPHICAL LIST 
MEMBERS BY GRADES 


FOR ALPHABETICAL LIST SEE PAGE 44 


(A list of all abbreviations used in the Biographical section will be found on page 43) 


BENEFACTOR MEMBERS 


EpwIN E. ALDRIN 
Hart O. BERG 
E. L. Corp 
DoNnaLpD W. DouGLas 
SHERMAN M. FAIRCHILD 
C. R. 


R. H. FLEET 
C. D. HANscom 
PAUL KOLLSMAN 
BELLA C. LANDAUER 
GROVER LOENING 


EDMUND C. LYNCH (Deceased ) 
F. W. MaAGIn 
GLENN L. MARTIN 
GEORGE J. MEAD 
S. A. REED (Deceased) 
LAURANCE S. ROCKEFELLER 


HONORARY MEMBERS 


H. H. ARNOLD 
HARLLEE BRANCH 
GEORGE H. BRETT 
GRIFFITH BREWER 


Honorary Fellows 


Ames, Joseph Sweetman, Ph.D.; Hon.F.I.Ae.S.; President 
Emeritus, Johns Hopkins University. (See W.W. in A.) 

Caquot, Albert, Hon.F.I.Ae.S.; Directeur, General Technique, 
Ministere de l’Air; Professor, Ecole Nationale Superieure 
de |’Aeronautique. France. 

Crocco, Gaetano Arturo, Dr.Ing.; Hon.F.I.Ae.S.; President, 
Aeronautic Section, National Council of Research; 
Professor of Aeronautics, Royal University of Rome. 
Italy. 

Douglas, Donald Wills, B.S.; Hon.F.I.Ae.S.; President, Douglas 
Aircraft Co. (See W.W. in A.) 

Dryden, Hugh Latimer, Ph.D.; Hon.F.I.Ae.S.; A.F.R.Ae.S.; 
Chief, Mechanics and Sound Div., National Bureau of 
Standards. (See A.M. of S.) 

Durand, William Frederick, Ph.D.; Hon.F.I.Ae.S.; Professor 
Emeritus, Stanford University. (See W.W. in A.) 
Eckener, Hugo, Dr.Ing.; Hon.F.I.Ae.S.; President, Luftschiff- 
bau Zeppelin G.m.b.H.; Chairman, Deutsche Zeppelin 

Reederei. Germany. (See B.W.W.) 

Fedden, Alfred Hubert Roy, Hon.D.Sc.; Hon.F.I.Ae.S.; F.R.- 
Ae.S.; Chief Engineer, Bristol Aeroplane Co. Ltd. Eng- 
land. (See W.W. in B.A.) 

Hunsaker, Jerome Clarke, D.Sc.; Hon.F.I.Ae.S.; Hon.F.R.Ae.S.; 
Head of Dept. of Mechanical Engineering and Dept. of 
Aeronautical Engineering, Massachusetts Institute of 
Technology. (See W.W. in A.) 

Jones, Bennett Melvill, M.A.; Hon.F.I.Ae.S.;  F.R.Ae.S.; 
Francis Mond Professor of Aeronautical Engineering, 
Cambridge University. England. (See B.W.W.) 

K4arm4n, Theodore von, Ph.D.; Hon.F.I.Ae.S.; Director, Daniel 
Guggenheim Graduate School of Aeronautics, California 
Institute of Technology. (See W.W. in A.) 

Lewis, George William, Sc.D.; Hon. F.I.Ae.S, Director of Aero. 
Research, N.A.C.A. (See W.W. in Eng.) 

Martin, Glenn L., Hon.D.Sc.; Hon.F.I.Ae.S.; F.R.Ae.S.; Pres., 
The Glenn L. Martin Co. (See W.W. in A.) 


Mead, George Jackson, Hon.Sc.D.; Hon.F.I.Ae.S.; A.F.R.Ae.S.; 
Asst. to Chairman, Advisory Commission to the Council 
of National Defense; Vice Chairman, National Advisory 
Committee for Aeronautics. 


(See W.W. in A.) 


LyMAN J. BRIGGS 
De.Los C. EMMONS 
HARRY F. GUGGENHEIM 
ROBERT H. HINCKLEY 


GEORGE W. LEwIs 
GEORGE B. PEGRAM 
F. W. REICHELDERFER 
J. H. Towers 


Prandtl, Ludwig, Ph.D.; Hon.F.I.Ae.S.; Hon.F.R.Ae.S.; Presi- 
dent, Lilienthal-Gesellschaft fiir Luftfahrtforschung; Pro- 
fessor and Director, Kaiser Wilhelm Institut fiir Stromungs- 
forschung, Géttingen University. Germany. 

Pye, David Randall, Sc.D.; Hon.F.I.Ae.S.; F.R.Ae.S.; Director 
of Scientific Research, Air Ministry. England. (See 
W.W. in B.A.) 

Taylor, Geoffrey Ingram, Hon.F.I.Ae.S.; Prof., Trinity College, 
Cambridge, England. (See B.W.W.) 


Wright, Orville, D.Sc.; Hon.F.I.Ae.S.; Hon.F.R.Ae.S. (See 
W.W. in A.) 
Fellows 
Ackeret, J., Dr.Ing.; F.I.Ae.S.; Prof. of Aerodynamics, 


Ziirich Eidg. Technische Hochschule. Switzerland. 

Alayrac, Antoine Charles, Lic.Sc.; F.I.Ae.S.; Inspector Gen- 
eral, Service de Recherche de |’Aeronautique, Ministere 
de l’Air. France. 

Aldrin, Edwin Eugene, D.Sc.; F.I.Ae.S.; A.F.R.Ae.S.; Lt. Col., 
A.C.Res., Aero. Consultant to the Standard Oil Co.; 
Director, Newark Airport. (See W.W. in A.; W.W. in Eng.) 

Allen, Edmund Turney, F.I.Ae.S.; Director of Flight & Aerody- 
namics, Boeing Aircraft Co. (See W.W. in A.A.) 

Arnstein, Karl, Dr.Tech.Sci.; F.I.Ae.S.; Vice-Pres. in charge of 
Engineering, Goodyear Aircraft Corp. (See W.W. in A.) 

Atwood, John Leland, B.S. in C.E.; F.I.Ae.S.; Vice-Pres. and 
Asst. Gen. Manager, North American Aviation, Inc. 

Bairstow, Leonard, F.I.Ae.S.; F.R.Ae.S.; Zaharoff Prof. of 
Aviation, Univ. of London. England. (See B.W.W.) 

Barlow, Thomas Morgan, M.S.(Eng.); F.I.Ae.S.; F.R.AeS.; 
Director and Gen. Manager, Fairey Aviation Co. Ltd. 
England. (See W.W. in B.A.) 

Barnaby, Ralph Stanton, M.E.; F.I.Ae.S.; 
Navy. (See W.W. in Eng.) 

Bassett, Preston R., F.I.Ae.S.; Vice-Pres. in charge of Engineer- 
ing, Sperry Gyroscope Co. 

Beisel, Rex Buren, B.S.; F.I.Ae.S.; Chief Engineer, Vought- 
Sikorsky Aircraft, United Aircraft Corp. (See W.W. in 
Eng.) 


Commander, U. S. 


Aero Insuranee Underwriters 
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Bellanca, Giuseppe Mario, Eng.M.; F.I.Ae.S.; Pres., Bellanca 
Aircraft Corp. (See W.W. in A.) 

Berlin, Don R., B.S.;_ F.I.Ae.S.; Chief Engineer, Curtiss Aero- 
plane Div., Curtiss-Wright Corp. 

Berliner, Henry Adler, B.S. in M.E.; F.I.Ae.S.; Pres, Engi 
neering & Research Corp. (See W.W. in A.A.) 


Betz, Albert, Ph.D.; F.I.Ae.S.; Prof. and Director, Aero 
dynamische Versuchsanstalt, Gottingen. Germany 


Birkigt, Marc, F.I.Ae.S.; Chairman of the Board, Soc. Fran- 
caise Hispano Suiza. France. 

Bjerknes, Vilhelm Frimman Koren, Ph.D.; F.I.Ae.S.; Prof 
Emeritus, Theoretical Physics, Univ. of Oslo. Norway 
(See Encyc. Britannica.) 

Boulton, Berthoud Clifford, B.S.; F.I.Ae.S. 

Breguet, Louis, F.I.Ae.S.; Pres., S. A. des Ateliers d’ Aviation 
Breguet; Vice-Pres., Cie. Air France. France. 

Briggs, Lyman James, Ph.D.; F.I.Ae.S.; Director, National 
Bureau of Standards. (See W.W. in A.) 

Brombacher, William George, Ph.D.; F.I.Ae.S.; Chief, Aero 
Instruments Section, National Bureau of Standards. (See 
A.M. of S.) 

Buchanan, John Scoular, F.I.AeS.; F.R.Ae.S.; 
Director of Technical Development, Air Ministry 
land. (See W.W. in B.A.) 

Bulman, George Purvis, B.Sc.; F.I.Ae.S.; F.R.Ae.S.; Major; 
Director of Engine Production and Deputy Director of 
Research and Development (Engines), Air Ministry. 
England. 

Burgers, Johannes Martinus, Dr.Math. and Phys.; F.I.AeS; 
Prof. of Aerodynamics, Technische Hoogeschool, Delft, 
Holland. 

Burgess, Charles P., F.I.Ae.S.; Aero. Engineer, Bureau of Aero- 
nautics, Navy Dept. 

Caldwell, Frank Walker, B.S.; F.I.Ae.S.; Director of Research, 
United Aircraft Corp. (See W.W. in Eng.) 

Capon, Robert Stanley, B.A.; F.I.Ae.S.; F.R.AeS.; Deputy 
Director, Research & Development of Armament, Air 
Ministry. England 

Caproni, Gianni, Dipl.Ing.; F.I.Ae.S.; Pres., Motori Marini 
Carraro, Isotta Fraschini, Aeroplani Caproni, I.S.S.A, 
A.V.LS., etc. Italy. (See B.W.W.) 

Castoldi, Mario, Dr.Ing.; F.I.Ae.S.; Chief Engineer and De- 
signer, Aeronautica Macchi. Italy. 

Caudron, Rene, F.I.Ae.S.; Deputy Administrator, Soc. An 
des Avions Caudron. France. 

Chatfield, Charles Hugh, S.M.; F.I.Ae.S.; A.F.R.Ae.S.; 
Asst. to Vice-President, United Aircraft Corp. 
W.W. in Eng.) 

Chien, Chang Tsu, S.M. in Ae.E.; F.1.Ae.S.; Col., Chinese 
Army; Asst. Chief, Tech. Dept., Commission on Aero. 
Affairs. China. 

Chilton, Allan, F.I.Ae.S.; 
tical Corp. 

Clark, Virginius Evans, F.I.Ae.S.; Hughes Aircraft Company 
(See W.W. in A.) 

Colvin, Charles Herbert, M.E.; F.I.Ae.S.; A.F.R.Ae.S.; Special 
Asst. to Chief, U. S. Weather Bureau. (See W.W. in 


Deputy 
Eng- 


Exec. 
(See 


Project Engineer, Wright Aeronau 


A.A.) 
Compton, Karl Taylor, D.Sc.; F.I.Ae.S.;  Pres., Mass. Inst. of 
Technology. (See W.W. in A.) 


de Forest, Alfred V., B.S.; F.I.Ae.S.; Prof., Mech. Engineering, 
Mass. Inst. of Technology; Pres., Magnaflux Corp.; 
Consulting Engineer. (See W.W. in Eng.) 

DeFrance, Smith J., B.S.; F.I.Ae.S.; Engineer in Charge, 
Ames Aeronautical Laboratory, N.A.C.A. (See W.W. in 
Eng.) 

de Havilland, Geoffrey, F.I.Ae.S.; F.R.Ae.S.; de Havilland 
Aircraft Co. Ltd. England. (See B.W.W.) 

Delage, P. A. G., F.I.Ae.S.; Hon. Pres., Soc. An. Nieuport- 
Delage; Pres., Jaeger & Jaeger Aviation; Pres., Revue 
Scientifique. France. 

Den Hartog, Jacob Pieter, Ph.D.; F.I.Ae.S.; Assoc. Prof. of 
Mechanics, Harvard Univ. (See A.M. of S.) 

Dewoitine, Emile, F.I.Ae.S.; Managing Director and Chief 
Engineer, Société Nationale de Constructions Aeronau 
tiques du Midi. France 


Diehl, Walter Stuart, B.S.; F.I.Ae.S.; Commander, U. S. Navy. 
(See W.W. in A.A.) 


OwWws 


Doolittle, James Harold, D.Sc.; F.1.Ae.S.; F.R.Ae.S.; Major, 
Air Corps, U.S. Army. (See W.W. in A.) 

Dornier, Claudius, Dr.Ing.h.c.; F.I.Ae.S.; Owner and Head, 
Dornier-Werke. Germany 

Draper, Charles Stark, Sc.D.; F.I.Ae.S.; Prof. of Aero. 
Engineering in Charge Instrumentation, Mass. Inst. of 
Technology 

Egtvedt, Clairmont Leroy, C.E.; F.I.Ae.5.; 
Aircraft Co. and Boeing Airplane Co. 
A.A.) 

Fage, Arthur, F.I.Ae.S.; F.R.Ae.S.; Principal Scientific Offi- 
cer, Aerodynamics Dept., National Physical Laboratory. 
England. (See W.W. in B.A.) 

Fairey, Charles Richard, F.I.Ae.S.; F.R.Ae.S.; Fairey Avia- 
tion Co. Ltd., England; Deputy Director General, British 
Air Commission. (See B.W.W.) 

Farren, William Scott, F.I.Ae.S.; F.R.Ae.S.; Deputy Director 
of Research & Development (Aircraft), Air Ministry 
England 

Ferrari, Carlo, Dr.Ing.; F.I.Ae.S.; 
R. Scuola di Ingegneria di Torino. 

Focke, Henrich, Dr.Ing.h.c.; F.I.Ae.S.; 
gelis & Co. Germany. 

Folland, Henry Philip, F.I1.Ae.S.; F.R.Ae.S.; Managing and 
Technical Director, Folland Aircraft Ltd. England. 

Frazer, Robert Alexander, D.Sc.; F.I.Ae.S.; F.R.Ae.S.; Aero- 
dynamics Dept., National Physical Laboratory. Eng- 
land. 

Fulton, Garland, M.S.; F.I.Ae.S.; Captain, U. S. N.; Air- 
ship Design, Bureau of Aeronautics, Navy Dept.” (See 
W.W. in A.A.) 

Gabrielli, Giuseppe, Prof Dr.Ing.; 
Fiat S.A. Italy. 

Gardner, Lester Durand, S.B.; F.I.Ae.S.; Hon.F.R.Ae.S.; Exec. 
Vice-Pres., Institute of the Aeronautical Sciences. (See 
W.W in A.) 

Gazley, Richard Charles, B.S.; 
Div., Murray Corp. of America. 

Georgii, Walter, Ph.D.; F.I.Ae.S.; Prof., 
nische Hochschule. Germany. 

Gouge, Arthur, B.S.; F.I.Ae.S.; F.R.Ae.S.; Gen Manager 
and Chief Engineer, Short Brothers Ltd; Managing 
Director, Short & Harland and Pobjoy Airmotors & Air- 
craft Ltd. England (See W.W. in B.A.) 

Gough, Melvin Neilson, B.E. in M.E.; F.I.Ae.S.; Senior Air- 
plane Test Pilot, N.A.C.A. 

Grammel, Richard, Dr.Ing.; F.I.Ae.S.; Prof., Engineering Me- 
chanics, Stuttgart Technische Hochschule. Germany 

Grumman, Leroy Randle, M.E.; F.I.Ae.S.; Pres., Grumman Air- 
craft Engineering Corp. (See W.W. in A.A.) 

Hall, Arthur Henry, B.A.Camb.; F.I.Ae.S.; F.R.Ae.S.; Chief 
Supt., Royal Aircraft Establishment. England. (See 
B.W.W.) 

Hegenberger, Albert Francis, F.I.Ae.S.; Major, Materiel Div., 
U.S. Army Air Corps. (See W.W. in A.A.) 

Heinkel, Ernst, Prof.Dr.Ing.e.h.; Dr.phil.h.c.; F.I.Ae.S.; Ernst 
Heinkel Flugzeugwerke. Germany. 


Chairman, Boeing 
(See W.W. in 


Prof. of Aerodynamics, 
Italy 
Director, Focke, Ach- 


F.I.Ae.S.; Chief Engineer, 


F.I.Ae.S.; Eng. Mgr., Aircraft 
(See W.W. in Eng.) 
Darmstadt Tech- 


Heron, Sam Dalziel, F.I.Ae.S.; Research Engineer, Ethyl 
Gasoline Corp. 
Hibbard, Hall Livingstone, B.S.; F-.I.Ae.S.; Vice-Pres. and 


Chief Engineer, Lockheed Aircraft Corp. 

Hobbs, Leonard Sinclair, M.S.; F.I.Ae.S.; Engineering Man- 
ager, Pratt & Whitney Aircraft, United Aircraft Corp. 
(See W.W. in A.A.) 

Hoff, Wilhelm, Dr.Ing.; F.I.Ae.S.; 
Hochschule. Germany. 
Hovgaard, William, D.Eng.; F.I.Ae.S.; Prof. Emeritus, Mass. 

Inst. of Technology. (See W.W. in A.) 

Insley, Robert, B.S.; F.I.Ae.S.; Vice-Pres., Gen. Mgr., Director, 
Menasco Mfg. Co. 

Jacobs, Eastman N., B.S.; F.I.Ae.S.; Aero. Research, N.A.C.A. 

Kamm, Wunibald, Dr.Ing.; F.I.Ae.S.; Prof., Stuttgart Tech- 
nische Hochschule. Germany. 

Kampe de Feriet, Joseph, D.Sc.; F.I.Ae.S.; A.F.R.Ae.S.; 
Prof,, Faculty of Sciences, and Director, Institut de Me- 
canique des Fluides, Universite de Lille. France. 

Kemmer, Paul Hanes, M.S. in Ae.E.; F.I.Ae.S.; Captain, 
Air Corps; Chief, Aircraft Br., Experimental Engineering 
Section, Materiel Div., U. S. Arthy Air Corps. 


Prof., Berlin Technische 
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Kempf, K. A. Gunther, Dr.Ing.; F.I.Ae.S.; Chief, Hamburg- 
ische Schiffbau-Versuchsanstalt. Germany. 
Kimball, James Henry, Ph.D.; Hon.Sc.D.; F.I.Ae.S.; Meteor- 
ologist, U. S. Weather Bureau. (See W.W. in A.) 
Kindelberger, James Howard, F.I.Ae.S.; Pres. and Gen. Man- 
ager, North American Aviation, Inc. (See W.W. in A.) 

Klemin, Alexander, M.S.; LL.D.; F.I.Ae.S.; C.R.Ae.S.; Chair- 
man of Dept., Daniel Guggenheim School of Aeronautics, 
New York Univ. (See B.B. of A.; W.W. in Eng.; W.W. 
in A.) 

Klemperer, Wolfgang Benjamin, Dr.Ing.; F.I.Ae.S.; Research 
Engineer, Douglas Aircraft Co. (See W.W. in A.A.) 

Kollsman, Paul, Dipl.Ing.; F.I.Ae.S.; Vice-President, Square 
D Co., in charge Kollsman Instrument Div. 

Koppen, Otto Carl, B.S.; F.I.Ae.S.; Prof., Aero. Engineering, 
Mass. Inst. of Technology. 

Kraus, Sydney Moses, M.S.; F.I.Ae.S.; Captain, U. S. Navy; 
Head of Materiel Div., Bureau of Aeronautics, Navy Dept. 

Laddon, Isaac Machlin, B.S.; F.I.Ae.S.; Vice-Pres. & Chief 
Engineer, Consolidated Aircraft Corp. 

Lanchester, Frederick William, LL.D.; F.I.Ae.S.; Hon.F.R.- 
Ae.S.; Consulting Engineer. England. (See B.W.W.) 

Land, Emory Scott, M.S.; F.I.Ae.S.; C.R.Ae.S.; Rear Admiral 
(Ret.), U. S. N.; Chairman, U.S. Maritime Commission. 
(See W.W. in A.A.) 

Lapresle, Antonin, D.Sc.; F.I.Ae.S.;  Prof., 
Superieure de |’Aeronautique. France. 

Lawrance, Charles Lanier, D.Sc.; F.I.Ae.S.; F.R.Ae.S.; Pres. 
and Chief Engineer, Lawrance Engineering & Research 
Corp. (See W.W. in A.) 

Lesley, Everett Parker, M.E.; F.I.Ae.S.; Prof., Mech. Engi- 
neering, Stanford Univ. 


Ecole Nationale 


Lindbergh, Charles Augustus, Hon.D.Sc.; F.I.Ae.S. (See W.W. 
in A.) 
Littlewood, William, M.E.; F.I.Ae.S.; Vice-Pres. in charge 


Engineering, American Airlines, Inc. 

Loening, Grover, C.E.; F.I.Ae.S.; F.R.Ae.S.; Consulting Engi- 
neer. (See W.W. in A.) 

MacCart, Raymond Douglas, M.S.; F.I.Ae.S.; Commander, 
U. S. N. (Ret.); Vice-Pres. & Chief Engineer, Brewster 
Aeronautical Corp. (See W.W. in A.A.) 

Madelung, Georg, Dr.Ing.; F.I.Ae.S.; Prof., 
nische Hochschule. Germany. 

Marchetti, Alessandro, A.Ing.; F.I.Ae.S.; Managing Director 
and Chief Engineer, Soc. Italiana Aeroplani Idrovolanti 


Stuttgart Tech- 


“Savoia Marchetti.” Italy. 

Marsh, William Lockwood, F.I.Ae.S.; F.R.Ae.S.; Founder 
Editor, ‘Aircraft Engineering.” England. (See W.W. 
in B.A.) 

Maybach, Karl, Dr.Ing.; F.I.Ae.S.; Director, Maybach-Motor- 
enbau. Germany. 


Mayo, Robert Hobart, M.A(Cantab.); F.I.Ae.S.; F.R.Ae.S.; 
Consulting Engineer; Technical Adviser, Imperial Air- 
ways Ltd. England. (See W.W. in B.A.) 

McAvoy, William Henry, F.I.Ae.S.; Chief Test Pilot, N.A.C.A. 

McCarthy, Charles Joseph, B.S.; F.I.Ae.S.; Gen. Man- 
ager, Vought-Sikorsky Aircraft, United Aircraft Corp. 

Milburn, Lessiter Crary, B.S.; F.I.Ae.S.; Asst. Gen. Manager, 

St. Louis Airplane Div., Curtiss-Wright Corp. (See 

W.W. in A.A.) 

Erhard, F.I.Ae.S.; State Secretary, Air Ministry; 
Inspector General, Air Corps; Vice-Pres., Deutsche 
Akademie der Luftfahrtforschung. Germany. 

Millikan, Clark Blanchard, Ph.D.; F.I.Ae.S.; Prof. of Aero., 
Calif. Inst. of Technology. (See B.B. of A.) 

Minshall, Robert James, B.S. in C.E.; F.I.Ae.S.; 
Engineering, Boeing Aircraft Co. 

Mises, Richard Edler von, Dr.Ing.; F.I.Ae.S.;  Prof., 
University. 

Munk, Max Michael, Ph.D.; F.I.Ae.S.; Lecturer in Aerody- 
namics, Catholic Univ. of America. 

Nayler, Joseph Lawrence, M.A.(Sc.); F.I.Ae.S.; F.R.Ae.S.; 
Secretary, Aeronautical Research Committee. England. 
(See W.W. in B.A.) 

Newell, Joseph Shipley, B.S.; F.I.Ae.S.; Prof., Aero. Struc- 
tural Engineering, Mass. Inst. of Technology. (See 


Milch, 


Vice-Pres. 


Harvard 


B.B. of A.) 


Niles, Alfred Salem, B.S.; F.I.Ae.S.; Prof., Aero Engineering, 
Stanford Univ. (See W.W. in "A. ) 

Northrop, John K., F.I.Ae.S.; Pres. and Director of Engineering, 
Northrop Aircraft, Inc. 

Nutt, Arthur, B.S.; F.I.Ae.S.; Vice-Pres. in charge of Engineer- 
ing, Wright Aeronautical Corp. (See W.W. in A.) 
Osborn, Robert Randolph, B.S. in E.E.; F.I.Ae.S.; A.F.R.AeS.; 
Asst. Director of Engineering, Vultee Aircraft, Inc. 

(See W.W. in A.) 

Oswald, William Bailey, Ph.D.; F.I.Ae.S.; In charge Aerody- 
namics, Santa Monica Div., Douglas Aircraft Co. 

Page, Frederick Handley, F.I.Ae.S.; F.R.Ae.S.; Handley Page 
Ltd. England. (See B.W.W.) 

Page, George Augustus, Jr., F.I.Ae.S.; Chief Engineer, St. 
Louis Airplane Div., Curtiss-Wright Corp. 

Panetti, Modesto, Dr.Ing.; F.I.Ae.S.; Prof. Aero. Engineer- 
ing, Manager of Aero Lab., R. Politecnico di Torino. 
Italy. 

Parkin, John Hamilton, M.E.; F.I.AeS.;  F.R.AeS.; 
Director, Div. Mech. Engineering, National Research 
Council. Canada. (See W.W. in B.S.) 

Pawlowski, Felix Wladyslaw, M. & E.E.; F.I.Ae.S.; F.R.Ae.S.; 
Guggenheim Prof. of Aero., Univ. of Michigan. (See 
W.W. in A.A.; A.M. of S.) 

Pierson, Reginald Kirshaw, B.Sc.; F.I.Ae.S.; F.R.Ae.S.; Chief 
Designer, Vickers Armstrongs Ltd. England. 

Pippard, Alfred John Sutton, D.Sc.; F.I.AeS.; F.R.Ae.S.; 
Prof., Civil Engineering, Univ. of London (Imperial Col- 
lege). England. (See B.W.W.) 

Pistolesi, Enrico, Dr.Ing.; F.I.Ae.S.;  Prof., Applied Me- 
chanics & Aerodynamics, Royal Univ. of Pisa. Italy. 

Potez, Henry, Dipl.Ing.; F.I.Ae.S.; Administrator, Soc. Na- 
tionale de Constructions Aeronautique du Nord; Pres., 
Ste. Aeroplanes Henry Potez; Honorary Pres., Union 
Syndicale des Industries Aeronautiques. France. 

Priester, Andre Allart, F.I.Ae.S.; Vice-Pres. & Chief Engineer, 
Pan American Airways System. 

Raymond, Arthur Emmons, M.S.; F.I.Ae.S.; Vice-Pres. in 
charge of Engineering, Douglas Aircraft Co. 

Reichelderfer, Francis Wilton, D.Sc.; F.I.Ae.S.; 
Weather Bureau. (See W.W. in A.A.) 

Reid, Elliott Gray, Ae.E.; F.I.Ae.S.; Prof., Aerodynamics, 
Stanford Univ. (See A.M. of S.; W.W. in Eng.) 

Reid, Henry J. E., B.S.; F.I.Ae.S.; Engineer in charge, Langley 
Memorial Aeronautical Laboratory, N.A.C.A. (See 
W.W. in A 

Relf, Ernest Frederick, F.I.Ae.S.; F.R.Ae.S.; Supt., Aero- 
dynamics Dept., National Physical Laboratory. Eng- 
land. (See W.W. in B.A.; B.W.W.) 

Riabouchinsky, Dimitri P., D.Sc.; F.I.Ae.S.; Assoc. Director, 


Chief, U. S. 


Laboratory of Fluid Mechanics, Univ. of Paris; Prof., 
Theoretical Mechanics, Russian Superior Technical 
School. France. 


Richardson, Holden Chester, M.S.; F.I.Ae.S.; Captain (Ret.), 
U.S. Navy. (See W.W. in A.) 

Rosatelli, Celestino, Prof.Dr.Ing.; F.I.Ae.S.; Chief Aero. En- 
gineer, Fiat S.A. Italy. 

Rosendahl, Charles Emery, F.I.Ae.S.; Commander, U. S. 
Navy; Airship Development. (See B.B. of A.) 

Rossby, Carl-Gustaf Arvid, M.S.; D.S. (Hon.); F.I.AeS.; 
Prof. of Meteorology, Mass. Inst. of Technology; Assist- 
ant Chief for Scientific Services, U. S. Weather Bureau. 
(See W.W. in A.; A.M. of S.) 

Rowledge, Arthur John, F.I.Ae.S.; F.R.Ae.S.; 
Engineer, Rolls-Royce Ltd. England. 

Sabatier, Jacques, F.I.Ae.S.; Ingenieur General de 1’Aero- 


Consultant 


nautique. France. 

Savoja, Umberto, Dr.Ing.; F.I.Ae.S.; Aviation Director, Fiat 
S.A. Italy. 

Seewald, Friedrich, Dr.Ing.; F.I.Ae.S.; Director, Deutsche 
Versuchsanstalt fiir Luftfahrt. Germany. 

Shelmerdine, Sir Francis Claude, F.I.Ae.S.;  F.R.Ae.S.; 
England. (See B.W.W.) 

Short, Mac, M.S.; F.I.Ae.S.; Vice-Pres. Engineering, Vega 
Airplane Co. 

Sikorsky, Igor Alexis, Ae.E.; F.I.Ae.S.; Aero. Engineer, 


Vought-Sikorsky Aircraft, United Aircraft Corp. 


Sikorsky, Igor I., F.I.Ae.S.; Managing Engineer, Vought-Sikor- 
sky Aircraft, United ‘Aircraft Corp. (See W.W. in A.) 
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THE PUBLIC BUILDS INDUSTRIES 


F the good old horse and buggy could have 

transported people—in comfort—as fast as they 
wanted to go, the auto and the airplane doubtless 
would never have passed the novelty stage. But 
the demand for a time-saving means of transporta- 
tion proved stronger than the public’s traditional 
prejudice against trying out new and strange 
things. So an industry was born out of public 
desire and necessity—the most potent forces in the 
economy of any nation. These same forces will 
continue to shape the course the industry is to fol- 
low—approving, disapproving, accepting, reject- 
ing and bestowing leadership only where it is 
earned and due. 
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ASSOCIATE 


F.R.Ae.S.; 


Southwell, Richard Vynne, M.A.;_ F.I.AeS.; 
England. 


Prof., Engineering Science, Univ. of Oxford. 
(See B.W.W.) 
Jr., 


Sperry, Elmer Ambrose, 
Products, Inc. 

Stedman, Ernest Walter, A.R.C.Sc.; F.I.Ae.S.; F.R.Ae.S.; 
Air Vice-Marshal; Member of Air Council for Aero. 
Engineering; Dept. of National Defense for Air. Canada. 
(See W.W. in Eng.) 


F.I.Ae.S.; Vice-Pres., Sperry 


Stout, William Bushnell, M.E.; F.I.Ae.S.; Pres., Stout Engi- 
neering Laboratories. (See W.W. in A.) 

Taylor, Charles Fayette, M.E.; F.I.Ae.S.; Prof., Automotive 
Engineering, Mass. Inst. of Technology. (See W.W. 
in A.) 

Taylor, Edward Story, B.S.; F.I.Ae.S.; Assoc. Prof., Aero. 
Engineering, Mass. Inst. of Technology. 

Taylor, Philip Brodt, Ph.B.; F.I.Ae.S.; Asst. Gen. Manager, 
Wright Aeronautical Corp. (See B.B. of A.) 

Theodorsen, Theodore, Ph.D.; F.I.Ae.S.; Head Physicist, 


rat of Div. of Physical Research, N.A.C.A. (See A.M. 
of S.) 


Timoshenko, Stephen, Adj.Mech.; F.I.Ae.S.; Prof., Theoretical] 


& Applied Mechanics, Stanford Univ. (See W.W. in 
Eng.) 
Tizard, Sir Henry Thomas, M.A.; F.I.Ae.S.;  F.R.Ae.S.; 


Rector, Imperial College of Science and Technology. 
England. (See B.W.W.) 

Toussaint, Albert, Ph.D.; F.I.Ae.S.; Prof., Institut Aeronau- 
tique, St. Cyr l’Ecole. France. 

Townend, Hubert Charles Henry, D.Sc.; F.I.Ae.S.; F.R.Ae.S.; 
Dept. of Scientific Research and Experiment, Admiralty. 
England. (See W.W. in B.A.) 

Truscott, Starr, B.S.; F.I.Ae.S.; Chief, Hydrodynamics Div, 
N.A.C.A. (See W.W. in Eng.) 

Tuckerman, Louis Bryant, Ph.D.; F.I.Ae.S.; Asst. Chief, Div 
of Mechanics and Sound, National Bureau of Standards 
(See W.W. in A.) 

Upson, Ralph Hazlett, Ae.E.; F.I.Ae.S.; F.R.AeS.; Consulting 
Engineer. (See W.W. in A.) 

Verdon-Roe, Sir Alliott, F.I.Ae.S.; F.R.Ae.S.; Pres. and Di- 
rector, Saunders-Roe Ltd.; Chairman, Aviation Develop- 
ments Ltd. England. (See B.W.W.) 

Verduzio, Rodolfo, Dr.Ing.; F.I.Ae.S.; Prof., Aero. Engineer- 
ing, R. Universita di Roma. Italy. 

Wada, Koroku, F.I.Ae.S.; Director and Professor, Aeronauti 
cal Research Institute, Tokyo Imperial Univ. Japan. 

Walker, Charles Clement, F.I.Ae.S.; F.R.Ae.S.; Chief Engi- 
neer and Director, de Havilland Aircraft Co. Ltd. Eng- 
land. (See W.W. in B.A.) 

Warner, Edward Pearson, D.Sc.(Hon.); F.I.Ae.S.; 
Member, C.A.B. (See W.W in A.) 

Weick, Fred Ernest, B.S.; F.I.Ae.S.; Chief Engineer, Engineer- 
ing & Research Corp. 

Weyerbacher, Ralph Downs, M.S.; 
U. S. Navy. 

Wieselsberger, Carl, Ph.D.; F.I.Ae.S.; 
Aachen Aerodynamisches Institut. 

Wilkinson, George Shakespeare, F.I.Ae.S.; 
rector and Chief Engineer, D. Napier & Son Ltd. 
land. (See W.W. in B.A.) 

Willgoos, Andrew Van Dean, F.I.Ae.S.; Chief Engineer, Pratt 
& Whitney Aircraft, United Aircraft Corp. (See B.B 


F.R.AeS.; 


F.1.Ae.S.; Commander, 
Prof. and Director, 
Germany. 

F.R.Ae.S.; Di- 
Eng- 


of A.) 
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Chramiec, Andrzej, Dipl.Ing.; Lt. Col., Polish Army; Military 
Attache, Polish Embassy in Washington. 

Emmons, Delos C., Lt. General, Commanding General GHQ 
Air Force, U.S. Army, 

Gaeta, Giuseppe, Col., Italian Army; Air Attache, Italian Em- 
bassy. 

Hinckley, Robert Henry, A.B.; Asst. Secretary of Commerce. 

Pirie, George Clarke, Air Commodore R.A.F.; Air Attache, 
British Embassy in Washington. 

Riedel, Peter, Dipl.Ing.; M.I.Ae.S.; Lieut.; 
Attache for Air, German Embassy. 

Weiser, Rene P. G., Colonel; Air Attache, French Embassy. 


Asst. Military 


Associate Fellows 


Adams, Albert Oliver, B.Sc. (Elect.); D.I.C.(Ae.); A.F.1.Ae.S.; 
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ics and Director, Aerodynamical Inst., Royal Hungarian 
P. J. Univ. of Technical & Economic Sciences. Hungary. 
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neer and Test Pilot, Vought-Sikorsky Aircraft, United Air- 
craft Corp. 

Bakhmeteff, Boris Alexander, Dr.Eng.; A.F.I.Ae.S.; Prof., 
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Bockius, Robert Wurts, A.F.I.Ae.S.; Commander, U. S. Navy; 
Navigator, U.S. S. Tangier. (See W.W. in A.A.) 
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Chief Engineer, Hughes Air- 
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Brooks, Arthur Raymond, B.S.; A.F.I.Ae.S.; Member Technical 
Staff, Bell Telephone Laboratories, Inc. 
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Brooks, Charles Franklin, Ph.D.; A.F.I.Ae.S.; Prof. of Meteor- 
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Brower, Gerald Evans, M.S.; A.F.I.Ae.S.; Lieut. Colonel, U. S. 
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Brown, Frank Newton Mithery, M.S.E.; A.F.I.Ae.S.; Head, 
Dept. Aero. Engineering, Univ. Notre Dame. (See W. W 
in Eng.) 
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Burwell, Arthur Warner, Ph.D.; A.F.I.Ae.S.; Vice-Pres. and 
Technical Director, Alox Corp. 

Butterfield, Thomas Edward, M.E.; 
Heat Power Engineering, Lehigh Univ. 
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Cabot, Godfrey Lowell, A.B.; 
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C.E.; A.F.I.Ae.S.; Prof., 
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LL.D.; A.F.I.Ae.S.; Pres., God- 


Caminez, Harold, M.E.; A.F.I.Ae.S.; Exec. Engr., Air Asso- 
ciates, Inc. 

Campbell, Harris Shirley, B.S. in M.E.; A.F.I.Ae.S.; Consulting 
Engineer. 

Campbell, Kenneth, B.A., B.S. in E.E.; A.F.I.Ae.S.; Project 
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Carbonara, Victor E., A.F.I.Ae.S.; Chief Engineer, Kollsman 
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Carpenter Ferreira, Ivan, A.F.I.Ae.S.; Major, Brazilian A.C.; 
Director General, Parque Central de Aviacao. Brazil. 
Carter, Clifton Carroll, B.S.; A.F.I.Ae.S.; Col., U.S, Army (Ret.). 
Carter, Leslie Fellowes, A.F.I.Ae.S.; Product Engineer in charge 
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Chandler, Milton Evans, B.S.; A.F.I.Ae.S.; Vice-Pres., Chandler- 
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Because of this painstaking develop- 
ment work, American commercial 
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wings, Inc. 


de Florez, Luis, D.Sc.; A.F.I.Ae.S.; Consulting Chem. and Mech. 
Engineer; Pres., de Florez Engineering Co. (See W.W. in 
Eng.; W.W. in A. ) 

de Ganahl, Carl, A.F.I.Ae.S.; Vice-Pres., Fleetwings, Inc. 

Dichman, Ernest Wykeham, B.S.; A.F.I.Ae.S.; Manager, Sales 
and Service, Vought-Sikorsky Aircraft, United Aircraft 
Corp. (See W.W. in Eng.) 

Dickerman, Fred Niles, S.B. in Ae.E.; A.F.I.Ae.S.; Project 
Engineer, Vought-Sikorsky Aircraft, United Aircraft 
Corp. 

Doepp, Philipp von, Dipl.Ing.; A.F.I.Ae.S.; Chief, Aerodynamic 
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Froesch, Charles, A.F.I.Ae.S.; Chief Engineer, Eastern Air Lines, 
Inc. 


Frye, Jack, A.F.I.Ae.S.; 


Engineer, Grumman 


Bell 


A.F.I.Ae.S.; Director (Re- 
Prof. of Meteor- 


Engineer, 


Assoc. 


Technical 
Ger- 


Pres. and Director, Chairman Exec. 


Committee, Transcontinental & Western Air, Inc. (See 
B.B. of A.; W.W. in A.) 
Gagg, Rudolph Farwell, M.E.; A.F.I.Ae.S.; Asst. to Gen. 


Manager, Wright Aeronautical Corp. 

Gallaudet, Edson Fessenden, Ph.D.; A.F.I.Ae.S.; Aero. Engi- 
neer. 

A.F.I.Ae.S.; 


Gassner, Alfred A., M.E.; Chief Engineer, Dura- 
mold Aircraft Corp. 
Gebers, Friedrich, Dr.Ing.; A.F.I.Ae.S.; Director, Schiffbau- 


technische Versuchsanstalt in Wien. Germany. 

Geer, William Chauncey, Ph.D.; A.F.I.Ae.S.; Research Chemist 
(See W.W. in A.) 

Geisse, John Harlin, B.S.; A.F.I.Ae.S.; Aero. Engineer. 
W.W. in Eng.) 

Gerhardt, William Frederick, D.Sc.; A.F.I.Ae.S.; Prof., Aero 
Engineering, Wayne Univ. (See W.W. in Eng.) 

Gibbs, William Francis, A.F.I.Ae.S.; Vice-Pres., Gibbs & Cox. 
(See W.W. in A.) 


Gillies, Brewster Allison, B.S.; A.F.I.Ae.S.; 
Pres., Grumman Aircraft Engineering Corp. 
in A.) 

Gillmor, Reginald E., A.F.I.Ae.S.; Pres., Sperry Gyroscope Co. 


(See 


Director and Vice- 


(See W.W. 


OR more than twenty years, Eclipse 
Aircraft Accessory Equipment has been 
recognized for reliability, service and progress. Be- 
ginning with starting and generating equipment, 
Eclipse Aviation has steadily expanded manufactur- 
ing through research and development to embrace 
numerous additional products contributing to the 
safety and efficiency of the modern aircraft. 

The increasing demand of the National Defense 
Program has presented a challenge which Eclipse 
Aviation is proud to accept. During the coming 


months our facilities will have been in- 
creased more than tenfold. A new foundry 
will assure finest quality castings. New production 
heat treating and plating equipment is under control 
of an experienced metallurgical department. New and 
improved machine tools and testing equipment help 
to meet the demands of this national emergency. 

Facing the new year with confidence, we pledge 
our utmost endeavor to merit the trust placed in 
us by the aircraft industry, in this time of national 
preparedness. 


ECLIPSE AVIATION 
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Gluhareff, Michael Eugene, M.E.; A.F.I.Ae.S.; Chief of Design 
and Aerodynamics, Vought-Sikorsky Aircraft, United Air- 
craft Corp. 

Gluhareff, Serge E., A.F.I.Ae.S.; Executive Engineer, Vought- 
Sikorsky Aircraft, United Aircraft Corp. 

Goddard, Robert Hutchings, Ph.D.; A.F.I.Ae.S.; Prof. of 
Physics and Director of Physics Labs., Clark Univ.; on 
leave for work for Daniel & Florence Guggenheim Founda- 
tion. (See W.W. in A.) 

Godfrey, Edward Rawson, Jr., S.B. in Ae.E.; A.F.I.Ae.S.; 
Aero. Engineer, Standard Oil Development Co. 

Graneri, Ugo, Dr.Ing.; A.F.I.Ae.S.; Director, Costruzioni Aero- 
nautiche Novaresi S.A. Italy. 

Gray, Harold Everett, A.F.I.Ae.S.; Engineer, The B. G. Corp. 

Green, Frederick Michael, A.F.I.Ae.S.; F.R.Ae.S.; Major, 
R.A.F. England. 

Green, John Joseph, Ph.D.; A.F.I.Ae.S.; A.F.R.Ae.S.; Asst. 
Research Physicist in Aerodynamics, National Research 
Council. Canada. (See A.M. of S.) 

Gregg, David, A.F.I.Ae.S.; Chief Research Engineer, Eclipse 
Aviation Div., Bendix Aviation Corp. (See W.W. in 
A.A.) 

Gregor, Michael, C.E.; 


A.F.I.Ae.S.; Chief Aero. Engineer, 


Canadian Car & Foundry Co. Canada. (See W.W. in 
Eng.) 

Greve, Louis William, A.F.I.Ae.S.; Pres., Cleveland Pneumatic 
Tool Co. (See B.B. of A.) 


Growald, Henry Kurt, A.F.I.Ae.S.; Armament Engineer, Con- 
solidated Aircraft Corp. 

Gsell, Robert, Dipl.Ing.; A.F.I.Ae.S.; Chief Technical Expert, 
Air Office, Dept. of Post and Railways; Professor, Swiss 
Federal Polytechnical School. Switzerland. 

Guidi, Guido, Dr.Ing.; A.F.I.Ae.S.; Prof., Royal Univ. of Pisa; 
Mgr., Soc. Pignone. Italy. 

Gunning, Joseph Henry, S.B.; A.F.I.AeS; 
Weight Control Engineer, Douglas Aircraft Co. 

Gwinn, Joseph Marr, Jr., B.E.; A.F.I.Ae.S.; Production Engi- 
neer, Consolidated Aircraft Corp.; Pres., Gwinn Aircar 
Co. (See W.W. in A.A.) 

Hall, Donald Albert, A.F.I.Ae.S.; Engineer in charge of Patents 
and Inventions, Consolidated Aircraft Corp. (See W.W. 
in Eng.) 

Hall, Norman B., A.F.I.Ae.S.; 
U.S. Coast Guard. 

Hall, Randolph Fordham, A.F.I.Ae.S.; Chief Engineer, Cunning- 
ham-Hall Aircraft Corp. (See W.W. in Eng.) 

Hall, Robert Leicester, B.S. in M.E.; A.F.I.Ae.S.; Asst. Chief 
Engineer, Grumman Aircraft Engineering Corp. 

Hallett, George Eustace Amyot, A.F.I.Ae.S. (See W.W. in A.A.; 
W.W. in Eng.) 

Hanajima, Koichi, A.F.I.Ae.S.; Rear Admiral, Chief Engineer, 
Motor Dept., Imperial Japanese Navy Airplane Arsenal. 
Japan. 

Hanscom, Clarence Dean, A.B.; A.F.I.Ae.S.; Consulting Aero. 
Engineer. (See W.W. in Eng.) 

Hardecker, John Francis, C.E.; A.F.I.Ae.S.; Materials Engineer, 
U.S. Naval Aircraft Factory. (See W.W. in Eng.) 
Harding, John, Jr., A.F.I.Ae.S.; Sales Engineer, Pump Engineer- 
ing Service Corp.; Consulting Engineer, The Plessey Co. 

Ltd., England. 

Harlow, Max Bunch, B.S.; A.F.I.Ae.S.; Asst. Prof. in charge of 
Aeronautics, Pasadena Junior College; Vice-Pres. and 
Gen. Mgr., Harlow Aircraft Co. 

Harms, Henry William, A.F.I.Ae.S.; Brig. Gen., U. S. Army 
Air Corps.; Headquarters, West Coast Air Corps Train- 
ing Center. 

Harpoothian, Edward, A.B.; A.F.I.Ae.S.; Structural Engineer, 
Douglas Aircraft Co. 

Harrington, Russell Paul, Sc.D.; A.F.I.Ae.S.; Assoc. Prof., Aero. 
Engineering, Polytechnic Inst. of Brooklyn. (See A.M. 
of S.; W.W. in Educ.) 

Harris, Harold Ross, B.S. in M.E.; A.F.I.Ae.S.; 
Pan American-Grace Airways. Peru. 

Harrison, Lloyd, M.S.; A.F.I.Ae.S.; Comdr., U. 


Supervising 


Captain, Inspector-in-Chief, 


Vice-Pres., 


S. Navy; 


Production Supt., Naval Aircraft Factory, Philadelphia. 


Hartung, Walter Magnus, Ae.E.; A.F.I.Ae.S.; Chief Instructor, 
Casey Jones School of Aeronautics. 


Harvey, Emil K., A.F.I.Ae.S.; Director, Airport Division, Haller 
Engineering Associates, Inc.; Airport Consultant, Air- 
craft Owners & Pilots Association. 

Hashimoto, Kenske, Ae.E.; A.F.I.Ae.S.; Prof. of Aero. Eng., 
Kyusyu Imperial Univ. Japan. 

Haskell, Raymond, Ph.D.; A.F.I.Ae.S.; Consulting Engineer, 
The Texas Co. (See W.W. in Eng.) 

Haskins, George William, B.S. in M.E.; A.F.I.Ae.S.; Major, 
U. S. Army Air Corps, Inspection Div., Office of Chief of 
Air Corps. (See W.W. in Eng.) 

Haus, Fr. Ch., C.E.; A.F.I.Ae.S.; Prof. of Aerodynamics, Univ. 
of Ghent. Belgium. 

Hazen, Ronald McKean, B.S.; A.F.I.Ae.S.; Vice-Pres. and Chief 
Engineer, Allison Engineering Co. 

Heald, Roy Haines, M.E.; A.F.I.Ae.S.; Physicist, National 
Bureau of Standards. (See W.W. in Eng.) 

Hegge Zijnen, Bernard Gerard van der, Dr.Tech.Sc.; A.F.I.- 
Ae.S.; Chief Assistant, Aerodynamic Laboratory, Delft 
Technical Univ. Holland. 

Heinemann, Edward Henry, A.F.I.Ae.S.; 
Segundo Plant, Douglas Aircraft Co. 

Heinrich, Albert Sigeman, A.F.I.Ae.S.; 
(See W.W. in A.A.) 

Hemke, Paul Emil, Ph.D.; A.F.I.Ae.S.; 
Engineering, Rensselaer Polytechnic Inst. 
Eng.) 

Henrichsen, Knut, B.S. in C.E.; A.F.I.Ae.S.; Engineer, North 
American Aviation, Inc. (See W.W. in A.A.) 

Higginbotham, Robert Ray, B.S. in M.E.; A.F.I.Ae.S.; Power 
Plant Engineer, Republic Aviation Corp. 

Higgins, George Judson, Ae.E.; A.F.I.Ae.S.; Assoc. Prof. and 
Acting Director, Aero. Engineering, Univ. of Detroit; 
Lt. Comdr., U.S.N.R. (See W.W. in Eng.; A.M. of S.) 

Hingsburg, Frederick Charles, C.E.; A.F.I.Ae.S.; Comdr. 
U.S.C.G., Chief of Staff, Seattle District. (See W.W. in 
Eng.) 

Hodgson, John Edmund, A.F.I.Ae.S.; Hon.F.R.Ae.S.; Expert 
on aero. books; Hon. Librarian, R.Ae.S. England. 
Holland, Maurice, A.F.I.Ae.S.; Director, Div. of Engineering 
and Industrial Research, National Research Council. 

(See W.W. in A.; W.W. in Eng.) 

Hopf, Ludwig, Ph.D.; A.F.I.Ae.S.; former Prof. of Mechanics 
and Mathematics, Aachen Technische Hochschule. Ger- 
many. 

Hovgard, Paul Edgar, A.F.I.Ae.S.; 
The Glenn L. Martin Co. 

Hubner, William Haller, M.E.; A.F.I.Ae.S.; Director, Refinery 
Technology Div., Ethyl Gasoline Corp. (See W.W. in 
Eng.) 

Huff, Thomas Henri, B.S.; A.F.I.Ae.S.; Design Engineer, The 
Glenn L. Martin Co.; Instructor, Aero. Engineering, 
Johns Hopkins Univ. 

Hull, Harvard Leslie, Ph.D.; 
Sperry Gyroscope Co. 

Hull, Lewis M., Ph.D.; A.F.I.Ae.S.; Pres., Aircraft Radio Corp. 
(See W.W. in A.) 

Hume, Duncan Clive Mackenzie, A.F.I.Ae.S.; A.F.R.AeS.; 
Director of Technical Training, Royal Canadian Air Force. 
Canada. 

Ide, John Jay, A.F.I.Ae.S.; Lt. Comdr., U. S. N. R. Bureau of 
Aeronautics, Navy Dept.;.Temp.Hon.M.R.Ae.S.; Tech- 
nical Asst. in Europe, N.A.C.A. (See W.W. in A.) 

Jacobs, Albert R., A.F.I.Ae.S.; Vice-Pres. and Chief Engineer, 
Jacobs Aircraft Engine Co. 

Jacobson, Joel Martin, M.S.; C.E.; A.F.I.Ae.S.; Asst. Chief 
Structural Engineer, Glenn L. Martin Co. 

Jakosky, Milton, M.E.; C.E.; A.F.I.Ae.S.; Chief, East Coast 
Branch, Aircraft Airworthiness Section, C.A.A. 

Jeffries, Zay, D.Sc.; A.F.I.Ae.S.; Tech. Director, Lamp Dept., 
General Electric Co.; Consultant, Aluminum Co. of 
America. (See W.W. in A.) 

Jessen, Henry, M.E. in Ae.; A-.F.I.AeS. 

Johnson, Carl V., B.M.E.; A.F.I.Ae.S.; Aero. Engineer, Bendix 
Products Div., Bendix Aviation Corp. (See W.W. in 
Eng.; W.W. in A.A.) 

Johnson, Clarence Leonard, M.S.E.; A.F.I.Ae.S.; 
search Engineer, Lockheed Aircraft Corp. 

Johnson, Robert Earle, B.S.; A.F.I.Ae.S.; Chief Field Engineer, 
Wright Aeronautical Corp. 


Chief Engineer, El 
Aero. Development. 


Head, Dept. Aero. 
(See W.W. in 


Chief Research Engineer, 


A.F.I.Ae.S.; Research Director, 


Chief Re- 


A Pioneer instrument gear 
has to be more accurate 
than many a watch-gear 

(a watch operates in 
only oe direction, al- 
ways under spring load). 

Here’s a typical gear 
inspection, on a Mi- 
crograph Compara- 

tor—a 200-diameter 
magnification that 
makes a fine pen- 

cil mark seem 2 
inches wide! 


/ New plant facilities to 
answer Americas call for 
more Pioneer Instruments! 


Only a few weeks ago, you read of a vast expansion of Pioneer’s 


precision manufacturing facilities into a modern, air-conditioned 
Bendix plant in Philadelphia. Even in that brief time, the “growing- 
pains’ of our nation's march toward impregnable defense have 
necessitated additional Pioneer facilities in still other cities! 
Pioneer precision must not, and will not fail either America's 
defense forces or America’s air commerce. Pioneer Aircraft Instru- 
ments are being produced in greater and greater quantities, and as 


carefully as ever—which means as carefully as is humanly possible. 


Pioneer Sensitive Altimeter Ti I N S T R U M E N T 
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Johnston, Samuel Paul, B.S.; A.F.1.Ae.S.; Coordinator of 


Research, N.A.C.A. (See W.W. in A.) 

Jones, Bradley, M.S.; A.F.I.Ae.S.; Prof. in charge Dept. Aero 
Engineering, Univ. of Cincinnati. 

Jones, Walter Richard, M.E.; A.F.I.Ae.S.; A.F.R.Ae.S.; Chief 
Project Engineer, Lockheed Aircraft Corp. (See WW 
in Eng.) 

Kaplan, Carl, Ph.D.; A.F.1.Ae.S.; Physicist, N.A.C.A 

Kaplan, Michael Jay, B.S.; A.F.I.Ae.S.; U.S. Naval Aircraft 
Factory 

Katzmayr, Richard, Dr.Ing.; A.F.I1.AeS.; Director, Aero- 
dynamic Institute, and Prof., Wiener Technische Hoch- 
schule. Germany 

Kean, John Scott, B.S.; A.F.I.Ae.S.; Acro. Engineer, U. S. Naval 
Aircraft Factory. 

Kemper, Carlton, B.S.; A.F.I.Ae.S.; Chief, Power Plants Div., 
N.A.C.A. 


Kerber, Lawrence Vincent, Ae.E.; A.F.I.Ae.S ; 
ington Office, Lockheed Aircraft Corp 
A.A.) 

Kimball, Leo Barnum, A.F’.I.Ae.S.; Senior Engineer, National 
Bureau of Standards. 

Kirchner, Otto E., M.S.; A.F.I.Ae.S.; 
Airlines, Inc. 
Kirsten, Frederick Kurt, E.E.; A.F.[.Ae.S.; Prof., Acro. Engi- 
neering, Univ. of Washington (See W.W. in Eng.) 
Klein, Arthur Louis, Ph.D.; A.F.1.Ae.S.; Assoc. Prof. of Aero, 
Calif. Inst. of Technology; Consulting Engineer, Douglas 
Aircraft Co. 

Klein, George J., A.F.I.Ae.S.; Div. of Mech Engineering, Na- 
tional Research Council Canada. 

Klikoff, Waldemar Alexander, B.S.; A.F.I.Ae.S; 
neer, C.A.A. (See W.W. in A.A ) 

Knack, Frederick John, Ae.E.; A.F.I.Ae.S., 
Vice-Pres., Luscombe Airplane Corp. 

Knight, Montgomery, B.S.; A.F.I.Ae.S.; Director, Daniel Gug- 
genheim School of Aeronautics, Georgia School of Tech- 
nology. (See W.W. in A.; W.W. in A.A.) 

Knowles, Thomas A., B.S.; A.F.I.Ae.S.; Sales Engineering 
Contact, Goodyear Aircraft Corp. 

Koerner, Kamillo, Dr.Ing.; A.F.I.Ae.S.; 
Technical Univ. of Prague. Bohemia. 

Koolhoven, Frederik, A.F.I.Ae.S.; F.R.Ae.S.; Managing Direc- 
tor, N. V. Koolhoven Vliegtuigen. Holland. 

Koppe, Heinrich, Ph.D.; A.F.I.Ae.S.; Prof., Institut fiir Luft- 
fahrtmesztechnik & Flugmeteorologie, Technische Hoch- 
schule, Braunschweig. Germany 


Mgr., Wash- 
(See WW in 


Chief Engineer, American 


Aero. Engi 


Chief Engineer & 


Prof.i.r., German 


Korvin-Kroukovsky, Boris V.. M.S; Ae S; Chief Engi- 
neer, Edo Aircraft Corp 
Kotcher, Ezra, M.S.E.: A.F I.AeS.; Prof., Air Corps Engi- 


neering School, Wright Field 

Kousnetzoff, Valerien P., M.E.; A.l.I.Ae.S.; Chief Engineer, 
American Mignet Aircraft Corp 

Krenz, Edgar John, B.S. in E.E.;  A.F.I.Ac.S.: Asst. Supt 
Technical Instruction, Boeing School of Aeronautics di- 
vision of United Air Lines. 


Kreusser, Otto Theodore, A.F.I.Ac.S.; Director, Service and 


Training, Allison Div., General Motors Corp. (Sce 
W.W. in A.; W.W in Eng.) 
A.F 1.Ae.S.; Aero. Engineer, 


Kuethe, Arnold Martin, Ph.D.; 
N.A.C.A 

Kumpera, Teny, Dipl.Ing.; A.F.1.Ae.S.; Pres. and Gen 
ager, Walter Ltd. Czechoslovakia 


Man- 


Kurt, Franklin Thorndike, B.S.; A.F.I.Ac.S.; Grumman Air 
craft Engineering Corp. (See W.W. in A.A.) 
Kuzmik, Paul de, M.E.; A.F.1.Ae.S.; Maintenance Engineer, 


Pan American Airways System. Brazil 
Labensky, Boris P., A.F.I.Ae.S.; Manager, Experimental Dept., 
Vought-Sikorsky Aircraft, United Aircraft Corp 
Lane, Kenneth Mortimer, S.B.; A.F.].Ae.S.; 
neer, Wright Aeronautical Corp. 
Lange, Karl Otto, Dr.Ing.; A.F.I.Ae.S.: Research Meteorologist, 
Blue Hill Observatory, Harvard Univ. (See A.M. of S.) 
Lansing, Raymond Possons, B.S.; A.F.I.Ae.S.; 


Consulting Engi- 


General Megr., 


Philadelphia Div. of Eclipse Aviation Div., and Vice 
Pres., Bendix Aviation Corp 
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Vice-Pres. & Chief Engineer, 


Larsen, Agnew E., A.F.I.Ae.5.; 
Vice-Pres. & Gen. Manager, 


Autogiro Co. of America; 
Pitcairn-Larsen Autogiro Co. (See W.W. in Eng.) 

Larson, Clifford Milton, B.S. in M.E.; A-F.I.Ae.S.; Chief Con 
sulting Engineer, Sinclair Refining Co 

La Sha, Stanley S., B.S.; A.F.I.Ae.S.; Engineer, Bell Aircraft 
Corp 

Lathrem, Charles Ira, B.Ac.E.; 
Propeller Div., Canadian 
Canada 

Lecornu, Leon, D.Sc.; A F.1.Ae.S.; 
Superieure de 1l’Aeronautique. 

Lederer, Jerome, M.E.; A.F.I.Ae.5.; 
Safety Bureau, Civil Aeronautics Board. 
Eng. ) 

Lee, John Glessner, M.S.; A.F.1.Ae.S.; Aeronautical Engineer, 
Asst. Director of Research, United Aircraft Corp 

Lehideux, Francois, A.F.I.Ae.S.; Managing Director, S.A 
Usines Renault. France. 

Leighton, Bruce Gardner, A.F.I.Ae.5.; Vice-Pres., 
tinent Corp.; Pres., Intercontinent Aircraft Co. 
B.B. of A.) 

Leisy, Clifford Jacob, A.F.I.Ae.S.; 
Vega Airplane Co. 

Le Page, Wynn Laurence, A.F.I.Ae.S.; Pres. Platt-Le Page Air- 
craft Co. (See W.W. in Eng.) 

Lepere, Georges, Ing.Arts et Mfg.; A.F.I.Ae.S.; Managing 
Director, S.A. Etablissements Gourdou & Leseurre 
France 

Leslie, John Charles, M.S.; A.F.1.Ae.S.; Division Mgr., Atlantic 
Div., Pan American Airways System. 

Lester, Everard Mason, B.S. in M.E.; A.F.I.Ae.S.; Eastern 
Sales Representative, Pratt & Whitney Aircraft, United 
Aircraft Corp. 

Levi-Civita, Tullio, D.Math.; A.F.I.Ae.S.; Former Prof. Rational 
Mechanics, Univ. of Rome. Italy. 

Little, Delbert Morse, A.F.I.Ae.S.; Principal Meteorologist in 
charge Station Operations Div., U. S. Weather Bureau 

Loeser, Oscar, Jr., B.S. in M.E.; A.F.I.Ae.S.; Chief Engineer. 
Engineering Div., U S Naval Air Station, Lakehurst 
(See W W in Eng ) 

Lombard, Albert Eaton, Jr., Ph.D.; A.F.I.Ae.S.; Chief of Air- 
craft Production Planning, Office of Production Manage- 
ment. 

Louden, Frederic Alic, B.S.; A.F.1.Ae.S.; Aero. 
Aerodynamics and Hydrodynamics Sec. 
nautics, Navy Dept. 

Loudenslager, Oscar William, B.M.E.; 
Engineer, Goodyear Aircraft Corp. 

Loudy, Flavius Earl, Ae.E.; A.F.I.Ae.S.; Aero. Engineer, Office 
of Inspector of Naval Aircraft, Grumman Aircraft Engi- 
neering Corp. (See W.W in A.A 

Lovelace, William Randolph, II, M.D.; A.F.I.Ae.S.; Surgeon, 
Mayo Clinic; Fit. Surgeon & Ist Lt., U.S. Army Medical 
Res Corps 

Luburg, Guy A., B.S.; A.F.1.Ae.S.; Costs and Schedules, Brew 
ster Aeronautical Corp 

Lunde, Otto Helme, Ae.E.; A.F.I.Ae.S.; 
necring, Univ. Alabama. 

Lundquist, Eugene Edward, B.S. in C.E.; A.F.I.Ae.S.; Aero 
Engineer, N.A.C.A. 

Luscombe, Don A., A.F.I.Ae.S. 

Lusk, Hilton Frank, M.S.; A.F.I.Ae.S.; Prof. of Aero., Director, 
Sacramento Junior College Technical Institute of Aero- 
nautics 

Lynam, Frank Charles, A.I’.IJ.Ae.S.; A.F.R.Ae.S.; Designer and 
Chief Technician, Airscrew Co. Ltd. England. 

Lyon, Alfred J., M.E.; A.F.I.Ae.S.; Major, Materiel Div. 
U. S. Army Air Corps. (See W.W. in A.A.) 

MacClain, Albert Lewis, M.S.; A.F.I.Ae.S.; Chief Test Pilot 
and Aero. Engineer, Pratt & Whitney Aircraft, United 
Aircraft Corp. 

MacCoull, Neil, M.E.; A.F.I.Ae.S.; Research Engineer, Beacon 
Laboratory, The Texas Co. 

MacGregor, John Ryle, B.S.; A.F.I.Ae.S.; A.F.R AeS.; 
search Engineer, Standard Oil Co. of Calif. 

Mailloux, Ernest Joseph, S.B.; A.F.I.Ae.S.; Chief of Struc- 
tures, Vought-Sikorsky Aircraft, United Aircraft Corp. 

Majneri, Ludwig A., Dipl.Ing.; A.F.I.Ae.S.; Vice-Pres. and 
Chief Engineer, Warner Aircraft Corp. 


A.F.I.Ae.S.; 
Car and Foundry 


Chief Engineer, 
Co. Ltd 
Prof., Ecole Nationale 
France. 

A.M.R.Ae.S.; Director, 
(See W.W. in 


de 


Intercon- 
(See 


Chief Project Engineer, 


Engineer, 
Bureau Aero- 


A.F.1.Ae.S.; Mech. 


Professor Aero. Engi- 


Re- 


AIRPLANE WHEELS AND BRAKES . 
SWIVELABLE AND STEERABLE TAIL-KNUCKLES + 


N the absence of “sky-hooks” to 
hoist our planes off the ground, 
and to gentle them back down again, 
Bendix Landing Gear provides the 
best protection we know of. 

Those critical moments of ground 
contact before the plane is air-borne, 
and after the flight, are worthy of 
every bit of study and experience and 
manufacturing watchfulness we can 
give them. 

Every specification of metal, ma- 


chining and measurement—every di- 
mension of the air and liquid cham- 
bers, as well as the attachment and 
positioning of Bendix Pneudraulic 
Shock Struts—is a precisely calculated 
and controlled factor, exactly proper 
for the individual ship. 

The picture above, showing a nor- 
mal group of struts awaiting final test 
before shipment, aptly illustrates the 
widely varying capacities of these vital 
requirements to a “happy landing.” 


BENDIX PRODUCTS DIVISION OF BENDIX AVIATION CORPORATION 
South Bend, Indiana 


LANDING-GEAR EQUIPMENT 


PNEUDRAULIC SHOCK STRUTS 


PILOT SEATS 
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Malmer, Ivar, Ph.D.; A.F.I.Ae.S.; Prof. of Aero., Royal Univ. 
of Technology. Sweden. 

Mandolf, Ikarus Henry, M.E.; A.F.I.Ae.S.; Project Engineer, 
Consolidated Aircraft Corp. 

Markey, Roscoe Irvin, B.M.E.; A.F.I.Ae.S.; Development En- 
gineer, Pollak Mfg. Co. (See W.W. in Eng.) 

Markham, John Raymond, A.F.I.Ae.S.; Assoc. Prof., Aero. Engi- 
neering, Mass. Inst. of Technology. 

Martin, Harold Smith, M.S.; A.F.I.Ae.S.; 
craft Corp. 


Consolidated Air- 


McDonnell, James Augustus, Ae.E.; A.F.I.Ae.S.; District 
Manager, U. S. Army Air Corps. 
McDonnell, James Smith, Jr.. M.S. in Ae.E.; A.F.I.AeS.; 


Pres., McDonnell Aircraft Corp. (See W.W. in A.A.) 

McGinty, Walter Francis, B.S. in Ae.E.; A.F.I.Ae.S ; Chief En- 
gineer, TransAir Corp.; Pres., Batwing Aircraft Corp. 

McMullen, Clements, A.F.I.Ae.S.; Major, U.S. Army Air Corps. 
(See W.W. in A.A.) 

Meissner, Ernst Franz Samuel, Ph.D.; A.F.I.Ae.S.; Prof., 
Ziirich Eidgendssische Technische Hochschule. Switzer- 
land. 

Melan, Ernst, Dr.Ing.; A.F.I.Ae.S.; Prof. Ingenieurkonsulent, 
Technische Hochschule in Wien. Germany. 

Melan, Joseph, Hon.Dr.Ing.; A.F.I.Ae.S.; Prof., Prag Deutsche 
Technische Hochschule. Czechoslovakia. 

Mercier, Pierre Ernest, A.F.I.Ae.S.; Consulting 
General Aircraft Equipt., Inc. 

Meredith, Russell Luff, A.F.I.Ae.S.; Captain (Ret.), U.S.A.C.; 
Test Pilot and Engineer, Aircraft Radio Corp. 

Merriam, Kenneth Gerald, M.S. in M.E.; A.F.I.Ae.S.; Prof. 
of Aero., Worcester Polytechnic Inst. (See W.W. in Eng.) 

Mesinger, Frederick William, A.F.I.Ae.S.; District Mgr. (New 
York), Norma-Hoffmann Bearings Corp. 

Metcalf, Arthur George Bradford, S.M.; A.F.I.Ae.S.; 
Ae.S.; Pres., North American Research Corp. 

Metral, Albert R., B.S.; A.F.I.Ae.S.;  Prof., Aerodynamics, 
Conservatoire Nationale des Arts et Metiers. France. 

MeVay, Francis, M.S. in Ae.E.; A.F.I.Ae.S.; Stress Analyst, 
Republic Aviation Corp. 

Meyer, Andre Johannes, M.E.; A.F.I.Ae.S.; Prof., Aero. and 
Mech. Engineering, Univ. of Kentucky; Director, 
Wenner-Gren Aeronautical Research Laboratory. 

Milham, Willis Isbister, Ph.D.; A.F.I.Ae.S.; Prof. of Astronomy, 
Williams College. (See W.W. in A.) 

Miller, Elton Willard, B.S. in M.E.; A.F.I.Ae.S.; Chief, Aero- 
dynamics Div., N.A.C.A. 

Miller, Roy Austin, B.S. in C.E.; A.F.I.Ae.S.; Chief, Structures 
Group, Consolidated Aircraft Corp. 

Miller, William Henri, S.M.; A.F.I.Ae.S.; 
Bureau of Aeronautics, Navy Dept. 
Eng.) 

Mitchell, Charles Lyman, A.F.I.Ae.S.; Meteorologist, U. S 
Weather Bureau. (See A.M. of S.; W.W. in A.) 

Mock, Frank Carleton, A.F.I.Ae.S.; In Charge of Engineering- 
Sales, Aircraft Carburetor Section, Bendix Products 
Div., Bendix Aviation Corp. 


Engineer, 


A.F.R.- 


Aero. Engineer, 
(See W.W. in 


Mock, Richard Maxwell, B.S. in M.E.; A.F.I.Ae.S.; Manager, 
Equipment Div., Lear Avia, Inc. (See W.W. in A.A.; 
W.W. in Eng.) 

Moffett, Richard John, Dipl.Ae.E.; A.F.I.Ae.S.; A.F.R.Ae.S.; 


Production Manager, de Havilland Aircraft of Canada, 
Ltd. (See W.W. in B.A.) 

Moles, Howard R., B.S. in M.E.; A.F.I.Ae.S.; Asst. Project 
Engineer, St. Louis pT me Div., Curtiss-Wright Corp. 

Moness, Elias, M.E.; A.F.I.Ae.S.; Structural Research Engi- 
neer, Northrop Aircraft, Inc. 

Moodie, T. Edward, M.S. in Ae.E.; A.F.1.Ae.S.; Gen. Manager, 
The Traco Div., M. A. Ferst Ltd. (See W.W. in Eng.) 

Moore, Norton Bartlett, Ph.D.; A.F.I.Ae.S.;  A.F.R.AeS.; 
Chief Research Engineer, St. Louis Airplane Div., Curtiss- 
Wright Corp. (See A.M. of S.; W.W. in A.A.; W.W. in 
Eng.) 

Morane, Robert C., A.F.I.Ae.S.; Vice-Pres. and Administrator, 
Aeroplanes Morane-Saulnier Soc. An. France. 


Mosebach, Walter G. E., M.E.; A.F.I.Ae.S.; Manager, Struc- 
tural Design Dept., 

Moseley, David Leigh, B.S.; 
Douglas Aircraft Co. 


Goodyear Aircraft Corp. 
A.F.I.Ae.S.; Aero. Engineer, 


Mosso, Giacomo Gregorio, Dr.Ing.; A.F.I.Ae.S.; Asst. Designer, 
Aviazione Fiat S.A. Italy. 

Mullinnix, Henry Maston, M.S.; A.F.I.Ae.S.; Naval Aviator, 
Commander, U. S. Navy. (See W.W. in A.A.) 

Muniz, Antonio Guedes, Lt. Colonel, Brazilian A.C.; Chief, 
Technical Service, Air Corps. Brazil. 

Nagel, Conrad Frederick, Jr., B.Ch.; A.F.I.Ae.S.; Chief Metal- 

lurgist, Fabricating Div., Aluminum Co. of America. 

Felix, Dr.Ing.; A.F.I.Ae.S.; Research Engineer, St. 

Louis Airplane Div., Curtiss-Wright Corp. 

Nakanishi, Fujio, Dr.Eng.; A.F.I.Ae.S.; Prof. Aero. Eng., Col- 
lege of Engineering, Tokyo Imperial Univ. Japan. 
Neumark, Stefan, Dr.Tech.Sc.; A.F.I.Ae.S.; Technical Adviser, 

Institute of Research for Aeronautics. Poland. 

Nicolas, F. M. Maurice, A.F.I.Ae.S.; Manager, Soc. Nationale 
de Constructions Aeronautique du Sud-Est. France. 

Nikolsky, Alexander, M.S. in Ae.E.; A.F.I.Ae.S.; Vought- 
Sikorsky Aircraft, United Aircraft Corp. 

Niles, Charles H., B.S. in E.E.; A.F.I.Ae.S.; 
neer, Glenn L. Martin Co. 

Noorduyn, Robert Bernard Cornelis, A.F.I.Ae.S.; A.F.R.AeS.; 
Vice-Pres. and Gen. Manager, Noorduyn Aviation Ltd 
Canada. (See W.W. in A.A.) 

North, John Dudley, A.F.I.Ae.S.; F.R.Ae.S.; Director, Boulton 
Paul Aircraft Ltd. England. (See W.W. in B.A.) 

Ober, Shatswell, S.B.; A.F.I.Ae.S.; Assoc. Prof., Aero. Engi- 
neering, Mass. Inst. of Technology. 

Ogawa, Taitiro, A.F.I.Ae.S; Asst. Prof., Member of Aero. Re- 
search Institute, Tokyo Imperial Univ. Japan. 

Olshevsky, Dimitry E., Ph.D.; A.F.I.Ae.S; Chief Engineer, 
Aero Research Wind Tunnel Co.; Chief Engineer and 
Gen. Manager, Helicopter Corp. of America. (See 
A.M. of S.) 

Ono, Masami, A.F.I:Ae.S.; Chief Research Engineer, Kawanisi 
Aircraft Co. Ltd. Japan. 

Oseen, Carl Wilhelm, Ph.D.; A.F.I.Ae.S.; Director, Section for 
Theoretical Physics, Nobel Institute of the Royal Acad- 
emy of Sciences. Sweden 

Edwin, Jr., M.S. in M.E.; A.F.I.Ae.S.; Comdr., 

N.; Engineering Div., Bureau of Aeronautics, 
Dept. 

Otto, Bowman Ransom, A.F.I.Ae.S.; 
Corporations. 

Ovens, William George, A.F.I.Ae.S.; Project Engineer, Wright 
Aeronautical Corp. 

Overbeke, John William, A.F.I.Ae.S.; Design Engineer in 
Charge of Hydraulic Design, The Glenn L. Martin Co. 

Pagon, William Watters, M.C.E.; A.F.I.Ae.S.; Consulting Engi- 
neer. (See W.W. in Eng.) 

Palmer, Richard Walter, M.S.; A.F.I.Ae.S.; Vice-Pres. in 
Charge of Engineering, Vultee Aircraft, Inc. 

Parr, Warren Sherman, M.S. in Ae.E.; A.F.I.Ae.S.; Naval Avia- 
tor; Lt. Comdr., U.S. S. Albemarle, U.S. Navy. 

Paulson, George McKinley, B.S. in M.E.; A.F.I.Ae.S.; Chief 
Engineer, The B. G. Corp. (See W.W. in A.A.) 

Peace, John D., Jr., M.E.; A.F.I.Ae.S.; 
Sperry Products, Inc. 


Peck, William Cecil, B.S. in M.E.; A.F.I.Ae.S.; Aero. Engineer, 
C.A.A. 


Nagel, 


Asst. Exec. Engi- 


Sales Engineer, Breeze 


Manager Aero. Sales, 


Pegna, Giovanni, Dr.Ing.; A.F.I.Ae.S.; Project Engineer, Soc. 
Aeroplani Caproni. Italy. 

Pegram, George Braxton, Ph.D.; Sc.D.; A.F.I.Ae.S.; 
Graduate School, Columbia Univ. 
W.W. in A.) 

Pennoyer, Frederick William, Jr., M.S.; A.F.I.Ae.S.; Comdr., 
U. S. N.; Head of Engineering Div., Bureau of Aero- 
nautics, Navy Dept. 

Perkins, Charles Kendall, B.S. in E.E.; 
Engineer, American Airlines, Inc. 

Perrin, Harold Ernest, C.B.E.; A.F.I.Ae.S.; 
Royal Aero Club. England. 

Peterman, Eldo Armon, B.S.; A.F.I.Ae.S.; Engineer in Charge, 
West Coast Br., C.A.A. 

Peters, Heinrich, Dr.Eng.; A.F.I.Ae.S. Germany. 

Petroff, Alexander N., M.S.; A.F.I.Ae.S.; Engineer. 

Piccard, Jean Felix, D.Sc.; A.F.I.Ae.S.; Prof. Aero. Engineering, 
Univ. of Minnesota. 


Prof., 
(See 


Research 


A.F.L.Ae.S. ; 


Secretary, The 
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BENDIX 


RTA-1 COMMUNICATION 
UNIT 


Over 300 of These 


Transmitter-Receiver 


Units in Service on 
6 Major Airlines 


A New Idea in Aircraft C ication Equip t, the Bendix RTA-1 Communication Unit combines 10 
crystal-controlled receiver and transmitter channels, with integral power supplies, in a single unit 
occupying less than two cubic feet and weighing less than seventy-five pounds. 50 watts output on 10 
channels between 2.5 and 13 megacycles; remote or local control; complete metering facilities; 10 
selective crystal-controlled receiver channels. 


NEW BENDIX MN-31 AUTOMATIC RADIO COMPASS 


I indication of accurate unidirectional 


simplifies aerial navigation by providing ti visua 
bearings. Dependable, thoroughly engineered, rigorously tested, this New Bendix Compass ably 


upholds the reputation of Bendix Radio in the field of aviation. 


unit provides the control mechanism read from the Bendix Di- ceiver and Remote Control! Unit, an 


: j Control Unit and Loop. The control Instantaneous Bearings are Bendix MN-26 Radio Compass Re- 
; for automatic loop rotation, includ- rect Reading Azimuth In- jntegral part of the Bendix Auto- 


ing rate-change circuit which re- dicator automatically cor- matic Compass Installation. Over 
pe ply High duces the loop speed as the correct rected for quadrantal er- three thousand Bendix Compass Re- 
Range, 300 to 600 Kilocycles; 2,800 to 17,300 bearing is approached. The loop ro- ror.A movable scale can be ceivers are in everyday service 
Kilocycles. Telephone and telegraph transmis- tating mechanism is completely in- set in accordance with the throughout the world. Single or dua! 
sion; remote control. 100 watts output. tegral in the loop base, which aircraft’s magneticortrue remote control. Electrical band 
“ mounts flush with the skin of the heading and is an aid to change. Self-contained power 

airplane. accurate and rapid navi- supply. 


gation. Two _ indicators 
can be employed simul- 


(Right) Bendix RA-1 Radio Receiver is an 8-tube 
taneously, if desired. 


super-heterodyne. Continuously tunable in six 
bands, 150 to 1,500 Kilocycles and 1,800 to 
15,000 Kilocycles.Local or simplified remote con- 
trol or both. Telegraph and telephone reception. (Right) 

Bendix Static Cartridge. 
The touch of a button 
in the cockpit releases 
a trailing wire into the 
slipstream, this dis- 
charges static accumu- 
lations on the airplane. 
A special _ resistor 
limits the discharge, 
prevents interfering 
corona. Installation 
generally employs two 
cartridges. 


BENDI 


Bendix TA-6 Radio Transmitter. A Two-Chan- 
nel, 15-watt Transmitter for small aircraft or A D Cc R P R A T N 


auxiliary use. Two pre-set channels between 
2,800 and 12,000 Kilocycles. Telephone or tel- BALTIMORE, MARYLAND, U.S.A 
2 


egraph transmission. Built-in power supply, 


remote controi. Weight less than 25 pounds. CABLE ADDRESS: BENRAD 
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Pihl, Paul Edward, M.S.; A.F.I.Ae.S.; Lt. Comdr., U. S. N.; 
Asst. Naval Attache & Naval Attache for Air, Berlin 
(See W.W. in A.A 

Platt, Haviland Hull, M.E.; A.F.I.Ae.S.; Vice-Pres., Platt- 
Le Page Aircraft Co. (See W.W. in Eng.) 

Poggi, Lorenzo, Dipl.Ing.Ae.; A.F.I.Ae.S.; R. Scuola di Ingeg- 
neria di Pisa. Italy. 

Prager, Willy, Dr.Ing.; A.F.I.Ae.S.; Ord. Prof. of Mechanics, 
Univ. of Istanbul. Turkey. 

Pratt, Haraden, B.S.; A.F.I.Ae.S.; Vice-Pres. and Chief Engi- 
neer, Mackay Radio & Telegraph Co.; Exec. Vice-Pres., 
Federal Telegraph Co. and International Telephone De- 
velopment Co. (See W.W. in Eng.) 

Prewitt, Richard Hickman, B.S. in M.E.; A.F.I.Ae.S.; Vice- 
Pres. in charge of Engineering, Kellett Autogiro Corp 
(See W.W. in Eng.) 

Pritchard, John Laurence, A.F.I.Ae.S.; Hon.F.R.Ae.S.; Secre- 
tary, Royal Aeronautical Society. England. (See W.W 
in B.A.) 

Pyne, Frederick Cruger, B.S.; A.F.I.Ae.S.; 
Aluminum Co. of America. 

Ramsden, Earl Irving, B.S. in M.E.; A.F.I.Ae.S.; Project Engi- 
neer, Grumman Aircraft Engineering Corp. 

Rauscher, Manfred, Sc.D.; A.F.I.Ae.S.; Asst. Prof., Aero. Engi- 
neering, Mass. Inst. of Technology. 

Reddig, James Clendenin, B.S.; A.F.I.Ae.S.; Development En- 
gineer, Kenyon Instrument Co. 
Redding, James Deyo, M.S.E.; A.F.I.Ae.S.; 

craft Airworthiness Section, C.A.A. 

Reichel, Wladimir Alexander, E.E.; A.F.I.Ae.S.; Director of 
Engineering, Pioneer Instrument Div., Bendix Aviation 
Corp. 

Reissner, Hans, Dr.Ing.; A.F.I.Ae.S.; Research Prof. of Engi- 
neering, Illinois Inst. of Technology. 

Renison, William Henry, Jr., B.S.; A.F.I.Ae.S.; Engineer, Con- 
solidated Aircraft Corp. 

Richardson, Avery G., E.E.; A.F.I.Ae.S.; Development Engi- 
neer, Boonton Radio Corp. 

Rieger, Leonz P. A., Dipl.Ing.; A.F.I.Ae.S.; Aero. Engineer, 
Luftschiffbau Zeppelin G.m.b.H. Germany. 

Riley, Robert Sanford, B.S. in Ae.E.; A.F.I.Ae.S.; Project En- 
gineer, Pratt & Whitney Aircraft, United Aircraft Corp. 

Robert, Inspecteur General, A.F.I.Ae.S.; Director, Ecole Na- 
tionale Superieure de 1’Aeronautique. France. 

Roberts, Francis Aubrey, A.F.I.Ae.S.; A.F.R.Ae.S.; Senior Pro- 
duction Officer, Air Ministry. England. 

Robertson, Burton J., E.E.; A.F.I.Ae.S.; Assoc. Prof., Internal 
Combustion Engines, Univ. of Minnesota. (See W.W 
in Eng.; A.M. of S.) 

Robinson, Russell M.E.; A.F.1.Ae.S.; Aerodynamic 
Research, N.A.C 

Rockefeller, William roll M.S. in Ae.E.; A.F.I.Ae.S.; Chief 
of Aerodynamics, Vultee Aircraft, Inc. 

Root, Leonard Eugene, M.S. in Ae.; A.F.I.Ae.S.; Chief Aero- 
dynamicist, El Segundo Plant, Douglas Aircraft Co. 
Rothrock, Addison May, B.S.; A.F.I.AeS.; Senior Physicist, 
Fuel Injection and Combustion Research, N.A.C.A. 
Ruffner, Benjamin F., Jr., M.S.; A.F.I.Ae.S.; Prof. of Aero. 

Engineering, Oregon State College. 

Russell, James Sargent, M.S. in Ae.E.; A.F.I.Ae.S.; Naval 
Aviator; Lt. Comdr., U. S. Navy. 

Rydlun, Edwyn Gustave, Ae.E.; A.F.I.Ae.S.; Air Corps In- 
dustrial War Plans Supervisor, Materiel Division, U. S. 
Army Air Corps. 

Rylsky, Gregory Vladimir, M.E.; E.E.; A.F.I.Ae.S.; Engineer 
in charge Experimental Lab., Pioneer Instrument Div., 
Bendix Aviation Corp. 

Sanborn, John Albert, B.S.; A.F.I.Ae.S.; Gen. Manager, Manu- 
facturers Aircraft Association. 

Sauerwein, Robert Taylor, S.M.; A.F.I.Ae.S.; Engineering 
Dept., Pratt & Whitney Aircraft, United Aircraft Corp. 

Sayre, Daniel Clemens, M.S.; A.F.I.Ae.S.; Director Bu. 
Statistics and Information, C.A.A. 


Schaefer, Everett Bernard, M.S.; A.F.I.Ae.S 


Sales Engineer, 


Asst. Chief, Air- 


Aerodynamic 


Design Engineer, The Glenn L. Martin Co. 


Scheubel, Fr. Nikolaus, Dr.Ing.; Prof., 
Darmstadt Technische Hochschule. 


Schildhauer, Clarence Henry, A.F.I.Ae.S. 


Aero. Engineering, 
Germany. 


(See W.W. in Eng.) 
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Schnitzer, Benjamin J., A.F.1.Ae.S.; Aero, Engineer, Goodyear- 
Zeppelin Corp. 

Schoonmaker, James M., Jr., A.F.I.Ae.S. 

Schubauer, Galen Brandt, Ph.D. in Phys.; A.F.I.Ae.S.; Assoc. 
Physicist, National Bureau of Standards. 

Schwendler, William Theodore, B.S.; A.F.I.Ae.S.; Vice-Pres. 
& Chief Engineer, Director, Grumman Aircraft Engineer- 
ing Corp. (See W.W. in A.A.) 

Scott, Merit, Ph.D.; A.F.I.Ae.S.; Prof., Physics, The Penn- 
sylvania State College. (See A.M. of S.) 

Scudder, Nathan Frost, M.S.; A.F.I.Ae.S.; Airways Inspector 
(Flight), Civil Aeronautics Administration. 

Sechler, Ernest Edwin, Ph.D. in Ae.; A.F.I.Ae.S.; Assoc. 
Prof., Airplane Design, Calif. Inst. of Technology. (See 
A.M. of S.) 

Seguin, Charles Auguste, A.F.I.Ae.S.; Director, Dept. of Re- 
search, Air Ministry. France. 

Seymour, Lester D., E.E.; A.F.I.Ae.S.; Gen. Manager, Pitts- 
burgh Valve & Fittings Div., The Pitcairn Co. (See W.W. 
in A.A.) 

Sezawa, Katsutada, A.F.I.Ae.S.; Research Prof. of Aero., Tokyo 
Imperial Univ. Japan. 

Shangraw, Clayton C., A.F.I.Ae.S.; Eclipse Aviation Div., Ben- 
dix Aviation Corp. 

Shanley, Francis Reynolds, B.S. in M.E.; A.F.I.Ae.S.; Chief 
of Structures, Lockheed Aircraft Corp. 

Shaw, Elgin Lowrance, Ae.E.; A.F.I.Ae.S.; In charge Develop- 
ment, Research, and Stress Analysis, Goodyear Aircraft 
Corp. 


Shaw, Sir (William) Napier, D.Sc.; A.F.I.Ae.S.; Director (Ret.), 


Meteorological Office; Prof. Meteorology (Ret.), Imperial 
College of Science & Technology. England. (See 
B.W.W.) 
Shebat, Herbert V., A.F.I.Ae.S.; 
Wright Aeronautical Corp. 
Sheridan, Laurence Ward, Ph.D.; A.F.I.Ae.S.; 
matics, College of Mt. St. Vincent 
Shoemaker, James Marshall, M.S. in Ae.E.; A.F.I.Ae.S.; Com- 
mander, U.S. Navy; Asst. Naval Attache for Air, Ameri- 
can Embassy. France. (See W.W. in A.A.) 
Shoemaker, James Maurice, M.S. in Ae.E.; A.F.I.Ae.S.; Proj- 
ect Engineer, Power Plant Installation, Vought-Sikorsky 
Aircraft, United Aircraft Corp. 
Shumovsky, Stanislav Antony, M.S. in Ae.; 
U.S.S.R. 


Test Pilot and Engineer, 


Prof. Mathe- 


A.F.I.Ae.S 


Sibert, Harold Ward, Ph.D.; A.F.I.Ae.S.; Assoc. Prof. of Math. 
and Aero., Univ. of Cincinnati. 

Sigrist, Frederick, A.F.I.Ae.S.; F.R.Ae.S.; Director, Hawker 
Aircraft Ltd., Hawker Siddeley Aircraft Co. Ltd. Eng- 
land. (See W.W. in B. A.) 

Silla, Lucio, D.Sc.; pe Repay R. Scuola di Ingegneria Aero- 
nautica di Roma. Italy. 

Silverstein, Abe, M.E.; A.F.I.Ae.S.; Aero. Engineer, N.A.C.A 

Sims-White, Harold Walter, A.F.I.Ae.S.; A.F.R.Ae.S.; Lieut 
(Air), R.N.V.R. England. 

Smith, Clyde Wendell, B.S.; A.F.I.Ae.S.; Naval Aviator; Lt. 
Comdr., U. S. Navy. 

Smith, Richard Harbert, Ph.D.; A.F.I.Ae.S.; Prof., Aero. Engi- 
neering, Mass. Inst. of Technology. (See A.M. of S.; 
W.W. in Eng.) 

Smith, Wesley Leland, A.F.I.Ae.S.; | Vice-Pres. and Gen. Mgr., 
Virginia Rubatex Corp. (See W.W. in A.A.) 

Soden-Fraunhofen, Alfred M. Graf von, Dipl.Ing.; A.F.I.Ae.S.: 
Directing Manager, Zahnradfabrik. Germany. 

Sokoloff, Nicholas A., A.F.I.Ae.S. Russia. 

Somers, Francis P., A.F.I.Ae.S.; Metallurgist, U S. Naval Air- 
craft Factory. 


Sontag, Harcourt, B.S.; A.F.1.Ae.S.; 
Bureau of Aeronautics, Navy Dept. 

ee Selden Booth, S.M.; A.F.I.Ae.S.; Lt. Comdr., 

.5.N.; Engineering Duty, Power Plant Design Section, 

zs Aeronautics, Navy Dept. (See W.W. in Eng.) 

Spaulding, Roland Harvey, Ph.D.; A.F.I.Ae.S.; Asst. Prof., 
School of Education, New York Univ. 

Spey, Herbert John, B.Ae.; A.F.I.Ae.S.; 
Naval Aircraft Factory 


Materials Engineer, 


Assoc. Aero. Engineer, 


| 


ee Only the tried and proved — only 


the best —can be trusted to keep 
American Aviation's quality supremacy 
ahead. That is why the army, navy and 
every airline in America look with con- 
fidence to Bendix-Scintilla during this 
time of greatest need. Confidence in 


PART AND PARCEL 
of American 
Aviation Supremacy! 


Bendix-Scintilla products — magnetos, 
spark plugs and radio shielding — is 
a trust that never has and never will 
be misplaced. 


SCINTILLA MAGNETO DIVISION 
BENDIX AVIATION CORPORATION 
SIDNEY, NEW YORK 
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in Ae.E.; A.F.I.Ae.S; 


Spilhaus, Athelstan Frederick, S.M. 
Assoc. Prof. Meteorology, Chairman, Dept. of Meteoro- 
logy, New York Univ. 

Spillinger, Harry Gordon, B.S.; A.F.I.Ae.S.; Experimental Test 
Engineer, Lawrance Engineering & Research Corp. 


Stack, John, S.B.; A.F.I.Ae.S.; Research Engineer, N.A.C.A. 

Stalb, Ralston, A.F.I.Ae.S.; Engineer, Grumman Aircraft Engi- 
neering Corp. (See 'W.W. in A.A. ) 

Stalker, Edward Archibald, M.S.; A.F.I.Ae.S.; Prof., Aero. 
Engineering and Chairman of the Dept. of Aero. Engi- 
neering, Univ. of Michigan. (See W.W. in Eng.; W.W. 
in A.) 

Stanley, Paul Hamar, B.S.; A.F.I.Ae.S.; A.F.R.Ae.S.; 
Chief Engineer, Pitcairn Autogiro Co. 

Stearns, Ray, Ph.B.; A.F.I.Ae.S.; Engineer, Aero. and Marine 
Dept., General Electric Co. 

Stefansson, Vilhjalmur, LL.D.; A.F.I.Ae.S.; Adviser on North- 
ern Operations, Pan American Airways System. (See 
W.W. in A 

Stewart, Charles John, A.F.I.Ae.S.; F.R.Ae.S.; Director, Civil 
Research & Production Air Ministry. England. 

Stiavelli, Manlio, Dr.Ing.; A.F.I.Ae.S.; Technical Director, 
Costruzioni Meccaniche Aeronautiche $.A. Marina di 
Pisa. Italy. 

Stoughton, Milton Fairfield, B.S.; A.F.I.Ae.S.; Chief Engineer, 
Vultee Aircraft, Inc. 

Strang, Charles R., B.S.; A.F.I.Ae.S.; Aero. Engineer, Douglas 
Aircraft Co. 

Stryker, Carleton E., B.S. in M.E.; A.F.I.Ae.S.; Technical Staff 
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Vice.-Pres., France Forever; 


THE Putse or LIFE 
or 


Two Thousand 


H orsepower 


_ could engineering and craftsmanship hope 
to find higher inspiration than in active participa- 
tion in the distinguished performance of America’s 
latest and greatest aircraft engines... Pratt & Whitney 
Double Wasp, Wright Cyclone 14 and Allison V1710? 

The years of research and development work under- 
lying Stromberg Injection Carburetion—and continu- 
ing apace today—are fully and daily justified by the 
approval and trust of the industry. 

And we have faith to believe that the many hours of 
precision workmanship represented in each of the thou- 
sands of these efficient mechanisms which Bendix 
craftsmen are producing today with “all-out” speed, 
will likewise be justified a thousandfold in the behavior 
of America’s excellent airplanes, wherever, however, 
whomever they serve. 


BENDIX PRODUCTS DIVISION 
OF BENDIX AVIATION CORPORATION 
South Bend, Indiana 


STROMBERG 
AIRCRAFT CARBURETION 


Not only in such specialized fields as Injection Carburetion for the new 

high-performance engines mentioned above, but in the less spectacular 

Aoat-type Stromberg Carburetion of lower-powered trainers and 

civilian aircraft, Stromberg engineering safeguards American flying. 
We pledge that it will always deserve to do so. 
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MERICAN aviation progress is high- 
lighted by the great 4-engine BorEING 
airplanes. The 33-passenger Stratoliner*, 
brought to this nation’s airways by TWA 
—the Transcontinental Airline, and intro- 
duced in inter-American service by Pan 
American Airways, is designed for luxur- 
ious over-weather air travel. The mighty 
Flying Fortress*, pride of the U. S. Army 
Air Corps, plays a vital part in this 
nation’s defense program. 

BOEING AIRCRAFT COMPANY 

SEATTLE, U.S.A. 
*TRADEMARKS REGISTERED 
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(Ret.); Prof. of Aero. Engineering, Alabama Polytechnic 

Institute. 

Corwin, Elbert Franklin, M.E., M.M.E.; M.I.Ae.S.; Asst. Prof. 
of Aero. Engineering, Dept. of Aero. Eng., Rensselaer 
Polytechnic Inst.; Managing Director, Mt. Whiteface 
Meterological Observatory. 

Courtney, Francis Thomas, M.I.Ae.S.; 
Roe Ltd., England. 

Cozzone, Frank Paul, M.E.; M.I.Ae.S.; Structural Group Engi- 
neer, Lockheed Aircraft Corp. 

Crawford, Marion Browning, M.I.Ae.S.; Aero. Engineer, Boeing 
Aircraft Co. 

Crosswell, William Jefferson, B.S.; M.I.Ae.S.; Sales Manager, 
Curtiss Aeroplane Div., Curtiss-Wright Corp. 

Cudhea, George Gerard, M.I.Ae.S.; Production Engineer, 
Fleetwings, Inc. 

Darby, Robert Alan, S.M. in Ae.E.,; M.I.Ae.S.; Aerodynamic 
Section, Curtiss Aeroplane Div., Curtiss-Wright Corp. 

Da — Joao Mendes, M.I.Ae.S.; Captain; Tech. Rep. in 

U.S.A., Brazilian Army Air Corps. 

Davidsen, Jess Sam Wilfred, B.Ae.E.; 
Engineer, N.A.C.A. 

Davidson, G. Graham, M.I.Ae.S.; Aero. Engineer, St. Louis 
Airplane Div., Curtiss-Wright Corp. — 

Davies, Clarence Ebenezer, M.E.; M.I.Ae.S.; Secretary, Amer. 
Society of Mechanical Engineers. 

Davies, Charles Walker, B.Ae.E.; M.I.Ae.S.; Armament Engi- 
neer, Douglas Aircraft Co. 

Davison, Frederick Trubee, LL.D.; M.I.Ae.S.; Pres., American 
Museum of Natural History, New York. (See W.W. 
in A.) 

Dearborn, Clinton Hill, B.S.in M.E.; M.I.Ae.S.; Aero. Engineer, 
N.A.C.A. 


Pres. & Chief Engineer, 


Tech. Rep., Saunders- 


M.I.Ae.S.; Asst. Aero. 


de Laubenfels, C. R., M.S.; M.I.Ae.S.; Design Research, Lock- 
heed Aircraft Corp. 

Demler, Marvin Christian, Aero.E.; 
Army Air Corps, Wright Field. 

Dentan, Jean, Dipl.Ing.; M.I.Ae.S.; Engineer, Documentation 
Dept., France.”’ France. 

den Tex, Nicolaas Jacob, M.E.; M.I.Ae.S.; Installation Engi- 
neer, Pratt & Whitney Aircraft, United Aircraft Corp. 

Depew, Richard Henry, Jr., M.I.Ae.S.; Vice-Pres. & Gen. Mgr., 
Taylorcraft Aviation Corp. (See W.W. in A.A.) 

Der Yuen, Frank, B.S. in Ae.E.; M.I.Ae.S.; Technical Asst., 
Intercontinent Corp. 

Desmond, Gerald Leroy, B.S. in M.E.; M.I.Ae.S.; Assoc. Aero. 
Engineer, Bureau of Aeronautics, Navy Dept. 

Devlin, Frank Wesley, M.S. (Industrial Engineering) ; 
Exec. Engineer, Consolidated Aircraft Corp. 

Dexter, Robert Reginald, Ac.E.; M.I.Ae.S.; Director, The Paul 
Kollsman Library, Institute of the Aeronautical Sciences. 

Deyarmond, Albert Bonnell, B.S. in Ae.E.; M.I.Ae.S.; Chief, 
Stress Dept., Vultee Aircraft, Inc. 

Dickinson, Warren T., S.B. in Ae.E.; M.I.Ae.S.; 
search Engineer, Douglas Aircraft Co. 


M.I.Ae.S.; Ist Lt.. U. S. 


M.I.Ae.S.; 


Flight Re- 


Dods, John Palliser, M.E.; M.I.Ae.S.; Research Engineer, 
Summerill Tubing Co. 
Doman, Carl Templar, B.S. in E.E.; M.I.Ae.S.; Vice-Pres. 


& Chief Engineer, Aircooled Motors Corp. 
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Exec. Engineer, Noorduyn 


Donnelly, James Playfair, M.I.Ae.S.; 


Aviation Ltd. Canada. 
Donovan, Robert Charles, M.I.Ae.S.; 
Div., Douglas Aircraft Co. 
Doole, George Arntzen, Jr., B.S.; M.I.Ae.S.; 
AVIANCA, Pan American Airways System. 
Doran, Philip David, B.S.; M.I.Ae.S.; Sales Engineer, Pratt & 
Whitney Aircraft, United Aircraft Corp. 


Designer, El Segundo 


Chief Pilot, 


Doriot, Georges Frederic, M.E.; L.H.D.; M.I.Ae.S.;  Prof., 
Industrial Management, Harvard Business School. 
Douglas, Leon Lee, B.S. in M.E.; M.1.Ae.S.; Barkle. -Grow Air 


craft Corp 

Draut, Ralph Harland, $.B.; M.I.Ace.S.; Project Stress Engineer, 
Glenn L. Martin Co 

DuBois, Ralph Nicholas, B.S. in M.E.; M.I.Ae.S.; Exec. Engi- 
neer, Aircraft Engine Division, Packard Motor Car Co 
(See W.W. in Eng.) 

Dudek, Edmund Frank, M.I.Ae.S.; Project Engineer, Vought 
Sikorsky Aircraft Div., United Aircraft Corp. 


Dudley, Shepard, B.S.; M.I.Ae.S.; Megr., Export Aviation 
Standard Oil Co. of N. J. 
Ebenbach, Robert, S.B. in Ac.E.; M.1.Ae.S.; Structural Engi 


neer, Railear Div., Edward G. Budd Mfg. Co. 

Edwards, James Burton, M.I.Ae.S.; Asst. Power Plant Engineer, 
Douglas Aircraft Co. 
Ellinger, Ralph LaVon, M.I.Ae-.S.; 

Inc. 

Ellis, Chester Arthur, B.S. in M.E.; M.I.Ae.S.; 
Engineer, Wright Aeronautical Corp. 

Ely, Lawrence Daniel, B.S. in A.E.; M.I.Ae.S.; Aero Engineer, 
Structures Unit, U.S. Army Air Corps, Materiel Div., 
Wright Field. (See B.B. of A.) 

Emmons, Gardner, A.M.; M_I.Ae.S.; 
Meteorology, New York Univ. 

Engelhardt, Lloyd F., A.B.; M.I.Ae.S.; Chief of Structures, St 
Louis Airplane Div., Curtiss-Wright Corp 

Eubank, John Augustine, LL.M.; M.I.Ae.S.; Attorney-at-Law; 
Prof. Aero. Law, Brooklyn Law School, St. Lawrence 
Univ. 

Evans, George Dorsey, M.S.E.; M.1.Ae.S.; 
charge of Contract & Specification Section, 
Aero. Corp. 

Eveleth, Edmund Lincoln, Ph.B.; M_-I.Ac.S.; Sales Engineer, 
Pratt & Whitney Aircraft, United Aircraft Corp 

Fairchild, Sherman Mills, M.I.Ae.S.; M.R.Ae.S.; Chairman of 
Board, Fairchiid Engine & Airplane Corp. & Fairchild 
Aviation Corp. (See W.W. in A.) 


Chief Engineer, T. & W. A, 


Asst. Project 


Asst. Prof... Dept 


Acro Engineer, in 
Brewster 


Fake, Frank C., B.S.; M.I.Ae.S.; Comdr., U. S. Navy; Shop 
Supt., Naval Aircraft Factory, Phila. 
Fales, Herbert Gordon, S.B in M.E.: M.I Ae.S.; Vice-Pres, 


The International Nickel Co.; Director, North American 
Aviation, Inc. 

Falk, Adolf Cecil, B.S. in Ac.; 
Kellett Autogiro Corp. 

Finlay, Donald William, B.S.; 
Boeing Aircraft Co. 

Fischel, Joseph Robert, B.S. in Ae.E.; M.I.Ae.S.; Structural Re 
search Engineer, Lockheed Aircraft Corp. 

Fisk, Albert S., Professional Engineer, M.I.Ae.S.; Sr. Product 
Engineer, Head of Aircraft Gyropilot Instrument Dept., 
Supervisor & Instructor, Sperry Gyroscope Co. 

Foa, Joseph Victor, Ae.E.; M.I.Ae.S.; Instructor, 
Minn. 

Foottit, Harold Raymond, M.I.Ae.S.; 
Ryan School of Aeronautics. 

Forman, George Robert, B.S. in M.E.(Aero.); M.1.Ae.S.; 
Asst. Treasurer, Institute of the Aeronautical Sciences 

Foster, Edward Elden, S.B. in Ae.E.; M.I.Ae.S.; Asst. Head, 
Structures Dept., Curtiss Aeroplane Div., Curtiss-Wright 
Corp. 

Foster, Thomas Rundle, A.A.; 
Lockheed Aircraft Corp. 

Foulois, Benjamin Delahauf, M.I.Ae.S.; Major General (Ret.), 
U.S. Army Air Corps. (See W.W. in A.) 


M.1.Ae.S.; Factory Manager, 


M.I.Ae.S.; Structural Engineer, 


Univ. of 


Engineering Instructor 


M.1.Ae.S.; Design Engineer, 


Fraim, John Pearson, Jr., B.S.; M.I.Ae.S.; Prof. & Director, 
Dept. of Aero. and Flight School, Louisiana State Univ. 

Frank, Frederick Christian, M.I.Ae.S.; 
plane Wheel & Brake Dept., 
Bendix Aviation Corp. 


Chief Engineer, Air- 
Bendix Products Div., 


Frische, Carl Alfred, Ph.D.; M.I.Ae.S.; Engineer, Sperry 
Gyroscope Co. (See A.M. of S.) 

Fritz, Lawrence George, M.I.Ae.S.; 
Operations, TWA, Inc. 

Froelich, Michael Harvey, M.I.Ae.S.; 
Digest.” 

Frost, Eugene Cameron, B.S. in Ae.E.; M.I.Ae.S.; Group Engi- 
neer, Lockheed Aircraft Corp 

Frost, Verne Clayton, S.B. in Ae.E.; M.I.Ae.S.; 
Consolidated Aircraft Corp. 

Fuller, Ernest Willie, B.S. in Ae.E.; M.I.Ae.S.; Chief Engineer, 
Aero. Div., The Acrotorque Co. (See W.W. in Eng.) 

Gail, Albert, Dipl.Eng.; M.I.Ae.S.; Asst. Prof. of Aeronautics, 
Univ. of Minnesota. 

Gallant, Charles James, Jr., M.I.A’.S.; Research Engineer, North 
American Aviation, Inc. 


Vice-Pres. in charge of 


News Editor, ‘‘Aero 


Stress Analyst 


Galt, Byron H., M.I.Ae.S.; Asst. Project Engineer, Boeing 
Aircraft Co. 
Garbell, Maurice Adolph, Dr.-Ing.; M.I.Ae.S.; Instructor, 


Boeing School of Aeronautics. 

Gardner, Maude Elsa, B.A.; M-I.Ae.S.; Assoc. Aero. Engineer, 
Bureau of Aeronautics, Navy Dept. 
Garges, John Paul Donald, Ae.E.; M.I.Ae.S.; 

neer, Grumman Aircraft Engineering Corp. 
Gariepy, Armand Jean-Marie, B.S.; M.I.AeS.; Mgr. Air- 
surance Dept., U. S. Aviation Underwriters, Inc. 
Garrott, Martin, B.S. in Ae.E.; M.I.Ae.S.; Asst. to Mainte- 
nance Engineer, Panair do Brasil S.A. Brazil. 
Gartseff, Valerian Nicholas, B.S. in M.E.; M.I.Ae.S.; 
Engineer, Glenn L. Martin Co 
Gibbons, Henry Bendel, S.B. in M.E.; M.I.Ae.S.; Engineer, 
Vought-Sikorsky Aircraft, United Aircraft Corp. 
Gilbert, Roswell Ward, M.I.Ae.S.; Chief, Aircraft Eng’g Div., 
Weston Electrical Instrument Corp 
Gilchrist, Gibb, C.E.; D.Sc.(Hon.); M.I.Ae.S.; 
neering, Agric. & Mech. College of Texas. 

Gillespie, Harold Sievers, M.I.Ae.S.; Lieut. (j.g.), U.S.N.R.; 
Naval Aviator; Flight Officer, Pan American Airways 
System. 

Gillmore, William Eugene, M.1.Ae.S.; Brig. Gen. U. S. A. C. 
(Ret.); Asst. to Pres., Briggs Mfg. Co. ‘ 

Gilson, Robert Doane, B.S.; M.I.Ae.S.; Engineer, Glenn L. 
Martin Co 

Glad, Nicholas Constantin, M.I.Ae.S.; Design Engineer, Vought- 
Sikorsky Aircraft Div., United Aircraft Corp. 

Goldstein, Julian Richard, M.S. in Ae.S.; M.I.Ae.S.; 
ment Supervisor, Douglas Aircraft Co. 

Goodall, Ray Gilbert, B.S. in M.E.; M.I.Ae.S.; Stress Analyst, 
Lockheed Aircraft Corp. 

Goodlett, Edward Ross, B.S. in M.E.; M.I.Ae.S.; 
St. Louis Airplane Div., Curtiss-Wright Corp. 

Gordon, Samuel Arthur, B.S.; M.I.Ae.S.; Chief Test Engineer, 
The Glenn L. Martin Co. 

Gorrell, Edgar Staley, D.Sc.; M.I.Ae.S.; Col., U.S.A.; Pres., 
Air Transport Association of America. (See W.W. in A.) 

Gosselin, Hubert A., B.S.; M.I.Ae.S.; West Coast Representa- 
tive, Pratt & Whitney Aircraft, United Aircraft Corp. 

Graham, Ernest Washburn, M.S. in M.E.; M.I.Ae.S.; Aero. 
Engineer, Douglas Aircraft Co. 

Gray, Harold Edwin, M.I.Ae.S.; Captain, Atlantie Div., Pan 
American Airways System. 

Greene, Charles Carroll, M.I.Ae.S.; Capt., A.C.Res., Teacher 
of Aero., Haaren High School, New York City. 

Greenwood, Ernest Joseph Adolph, Jr., B.S. in Ae.E.; M.I.Ae.S.; 
Engineer, Vought-Sikorsky Aircraft, United Aircraft Corp. 

Gregory, Alfred Thorne, Dr.-Ing.; M.I.Ae.S.; Chief Engineer, 
Ranger Aircraft Engines Div., Fairchild Airplane and 
Engine Corp. 

Grimes, Warren G., M.I.Ae.S.; 


Project Engi- 


Design 


Dean of Engi- 


Develop- 


Engineer, 


Pres., Grimes Mfg. Co. 


Griswold, Roger Wolcott, II, Ph.B.; M.I.Ae.S.; Aerodynamic 
Consultant. 

Guggenheim, Harry Frank, D.Sc.; Hon.M.I.Ae.S. (See W.W. 
in A.) 


Gureasko, Edward Martin, M.I.Ae.S.; Aero. Instructor, New 
York City Board of Education. 

Haberlin, John Frank, M.I.Ae.S.; Asst. Project Engineer, Boeing 
Aircraft Co. 
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M.I.Ae.S.; Aero. Engineer, 


Habley, Charles Galley, B.S.; 
Boeing Airplane Co. 


Haig, Frederic William, M.I.Ae.S.; Manager, Aviation Dept., 


Australia. (See W.W. in 


Vacuum Oil Co. Pty. Ltd 
B.A.) 

Hall, Charles Louis, B.S. in M.E.; M.I.Ae.S.; Project Engineer, 
Materiel Div., U. S. Army Air Corps. 

Hall, Robert Arnold, M.I.Ae.S.; Research Engineer, British 
Airways Ltd. England. 

Hambrook, Robert William, M.A.; Hon. Dr. Vocational Educ.; 
M.I.Ae.S.; F.R.G.S.; Sr. Specialist, Office of Education, 
Federal Security Agency. 

Hammen, Theodore Fred, Jr., M.S.; M.I.Ae.S.; Asst. Chief 
Engineer, Airplane Parts Div., Briggs Mfg. Co. 

Hammond, Willoughby Nason, B.S. in Ae.E.; M_.I.Ae.S.; 
Assoc. Aero. Engineer, Bureau of Aeronautics, Navy 
Dept. 

Hamon, Alfred John Milton, M.I.Ae.S.; Asst. Aviation Manager, 
Shell Oil Co. 

Hanks, Stedman Shumway, A.B.; M.I.Ae.S.; Lt. Col., Plans 
Div., Office of Chief of Air Corps, War Dept. (See 
W.W. in A.) 

Hannam, Francis Charles, M.I.Ae.S.; Instructor in Aeronautics, 
Sacramento Junior College 

Harmon, Hubert Norton, B.Ae.E.; M.I.Ae.S.; Asst. Aero. Engi- 
neer, N.A.C.A. 

Harney, Pat J., M.S.; M.I.Ae.S.; Jr. Meteorologist, U. S. Weather 
Bureau. 

Harris, Thomas Aubrey, B.S.; M.I.Ae.S.; Asst. Physicist, 
N.A.C.A. 


Hartman, Edwin Phelps, M.S.; M.I.Ae.S.; Assoc. Aero. Engi- 
neer, Ames Aero. Lab., N.A.C.A. 

Hartney, Harold Evans, M.I.Ae.S.; Lieut. Colonel, A.C.Res. 
(See W.W. in A.A.) 

Hartshorne, John Percy Harold, M.I.Ae.S.; A.R.Ae.S.; 
Officer, R.A.F. England. 
Havens, Beckwith, M.I.Ae.S.; Lieut. Commander, U. S. N. R.; 
Distributor, Fairchild airplanes. (See B.B. of A.) 
Hawkes, William Michael, A.E.; M.I.Ae.S.; Naval Aviator, 
U.S. Navy; Bureau of Aeronautics, Navy Dept. 

Hayward, John Tucker, M.I.AeS.; Lieut., U. S. N., Naval 
Aviator; Officer in Charge Instrument Section, Naval 
Aircraft Factory, Philadelphia. 

Herlihy, John Albert, B.S.; M.I.Ae.S.; Vice-Pres. in charge 
Operations, United Air Lines Transport Corp. 

Herman, Fred Weld, B.S.; M.I.Ae.S.; Chief Engineer, Douglas 
Aircraft Co. 

Herreshoff, Alexander Griswold, M.I.Ae.S.; Chief Engineer of 
Research, Chrysler Corp. 

Herzog, Adolph, M.I.Ae.S.; Chief Draftsman, Platt-Le Page 
Aircraft Co. 

Heuver, Herbert Mannes, B.S. in A.E.; M.I.Ae.S.; Aero. 
Research Engineer, Aero Laboratory, Univ. of Wash- 


Pilot 


ington. 
Hodgman, Frederick Southworth, M.I.Ae.S.; Lt. Comdr. 
(DE-V-S) U.S.N.R.; Manager, Product Engineering, 


Sperry Gyroscope Co. 

Hoff, Nicholas John, Dipl.-Ing.; M.I.Ae.S.; Instructor, Poly- 
technic Inst. of Brooklyn. 

Hokanson, Evert Carl, B.S. in M.E.; M.I.Ae.S.; Aero. Engi- 
neer, Engg. Flight Test & Inspection Sect., C.A.A. 
Holbrook, Darwin Long, B.S.; M.I.Ae.S.; Sales Engineer, Aircraft 

Div., Fafnir Bearing Co. 

Hollerith, Charles, B.S. in M.E.; M.I.AeS.; Vice-Pres. Engi- 
neering, Hayes Industries, Inc.; Vice-Pres., Lake State 
Products, Inc., and Aeroquip Corp. 

Holmes, Bradford Buttrick, Instrument Engineer, Pioneer In- 
strument Div., Bendix Aviation Corp. 

Holt, Oscar Eugene Frank, B.S. in Ae.E.; M.I.Ae.S.; Aero. 
Engineer, St. Louis Airplane Div., Curtiss-Wright Corp. 

Hood, Manley John, B.S.; M.I.Ae.S.; Assoc. Aero. Engineer, 
Ames Aero. Lab., N.A.C.A. 


Hopkins, William Rogers, Ae.E.; M.I.Ae.S.; Chief Experi- 


mental Engineer, Lycoming Div., Aviation Mfg. Corp. 


Hospers, John Johannes, M.I.Ae.S.; Lieut., U.S.N.R.; Asst. 
Factory Manager, 
Aircraft Corp. 


Vought-Sikorsky Aircraft, United 
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Hotchkiss, Henry G., LL.B.; M.I.Ae.S.; Lawyer; Editor, U. S. 
Aviation Reports. 

Houghton, Howard David, M.I.Ae.S.; 
Beach Plant, Douglas Aircraft Co. 

House, Frank Rudolph, M.E.; M.I.Ae.S.; Laboratory Manager, 
Sperry Gyroscope Co. 

Hughes, Howard Robard, M.I.Ae.S.; Chairman of Board, 
Hughes Tool Co.; Pres., Hughes Aircraft Co. 
Hunter, Willson Harvey, B.S. in M.E.; M.I.Ae.S.; Research 
Supervisor, Aeronautical Div., B. F. Goodrich Co. 
Hurty, Walter Carl, B.S. in Ae.E.; M.I.Ae.S.; Chief Structures 
Engineer, Vega Airplane Co. 

Huss, Paul Oswald, Sc. D.; M.I.Ae.S.; Research Physicist & 
Asst. Prof. Meteorology, Guggenheim Airship Inst. 

Hutchinson, Lester Bowser, A.B. in M.E.; M.I.Ae.S.; 
Physical Test Section, Brewster Aeronautical Corp. 

Hutton, Richard, M.I.Ae.S.; Project Engineer, Grumman Air- 
craft Engineering Corp. 

Inglish, Harold Clark, B.M.E.; M.I.Ae.S.; 
Research Engineer, Vega Airplane Co. 

Irbits, Karlis, M.I.Ae.S.; Aircraft Designer, Valsts Elektro- 
techniska Fabrika. Latvia. 

Ae.E.; M.I.Ae.S.; Private Flying Specialist, 

A.A. 


Asst. Manager, Long 


Chief, 


Chief, Structures 


Jackson, Dugald Caleb, Jr.,S.M.; M.I.Ae.S.; Dean of Engineer- 
ing, Univ. of Notre Dame. (See W.W. in A.; A.M. of 

Jacob, John Brown, B.S. in M.E.; M.I.Ae.S.; Sales Engineer, 
Wright Aeronautical Corp. 

Jacobson, Richard Oliver, B.Ae.E.; M.I.Ae.S.; Engineer, Pan 
American Airways System. 

Jamouneau, Walter Corey, B.S. in M.E.; M.I.Ae.S.; Chief Engi- 
neer, Piper Aircraft Corp. 

Jenny, Cletus John, B.S. in Ae.E.; M.I.Ae.S.; Development 
Engineer, Eclipse Aviation Div., Bendix Aviation Corp. 

Johnson, Leon William, M.S.; M_.I.Ae.S; Airplane Pilot and 
Meteorologist; Major, U. S. Army Air Corps. 

Johnson, Philip Gustav, M.I.Ae.S.; Pres., Boeing Airplane Co. 
and Kenworth Motor Truck Corp.; Consultant-Execu- 
tive, Trans-Canada Air Lines. (See W.W. in A.) 

Johnston, Robert Bethel, M.S. in M.E.; M.I.Ae.S.; 
Stress & Aerodynamics, Ryan Aeronautical Co. 

Jones, Charles Sherman, A.B.; M.I.Ae.S.; Pres., Casey Jones 
School of Aeronautics. (See B.B. of A.) 

Jouett, John Hamilton, M.I.Ae.S.; Pres., Aeronautical Chamber 
of Commerce of America. 

Kahn, Roger Wolfe, M.I.Ae.S.; Aviation Consultant. 

Kalinowski, Ludwig Boleslaw, M.S. in Ae.E.; M.I.Ae.S.; Proj- 
ect Engineer, Edo Aircraft Corp. 

Kass, George, M.I.Ae.S.; Engineer, Republic Aviation Corp. 

Kearns, Charles Maxwell, Jr., B.S. in E.E.; Project Engineer, 
Hamilton Standard Propellers Div., United Aircraft 
Corp. 

Kennedy, William Patton, M.S. in Ae E.; M.I.Ae.S.; 
Dept., Curtiss Aeroplane Div., Curtiss-Wright Corp. 

Kerr, Henry Hampton, M.I.Ae.S.; Manager, Western Branch, 
Weatherhead Co. 

Kibardin, Victor M., M.S.E.; M.I.Ae.S.; Stress Analyst, Curtiss 
Aeroplane Div., Curtiss-Wright Corp. 

Killian, Joseph Patrick, M.I.Ae.S.; Schedules Engineer, Re- 
public Aviation Corp. 

Kinnucan, James William, B.S. in M.E.; M.I.Ae.S.; Chief 
Engineer, Detroit Div., Continental Motors Corp.; 
Vice-Pres., Continental Aviation & Engineering Corp. 

Klose, Alfred Julius, B.S. in M.E.; M.I.Ae.S.; Engineer in 
charge, Preliminary Design, Vultee Aircraft, Inc. 

Klotz, John Charles, M.S.E.; M.I.Ae.S.; Asst. Prof. & Ground 
Instructor, Univ. of Tulsa. 

Knoll, Denys William, S.M. in Meteorology; M.I.Ae.S.; Lieut. 
(Aerological), U. S. Navy. 


Chief of 


Sales 


Knabenshue, Roy, M.I.Ae.S.; Aero. Asst., National Park 
Service, Dept. of the Interior. 
Knox, Thomas, B.S. in Ae.E.; M.I.Ae.S.; Project Engineer, 


Fleetwings, Inc. 


Koegler, Richard Kornau, S.B. in Ae.S.; M.I.Ae.S.; Project 
Stress Engineer, Curtiss Aeroplane Div., Curtiss-Wright 


Corp. 


DEFENSE PRODUCTION 


series 
series 
By series 


2 “Production for defense” is not new to Consolidated 
ze Aircraft Corporation. Many hundreds of huge Consolidated 
airplanes are already in the armed service of the nation. 
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Many hundreds more are under construction and are being 
delivered with increasing rapidity. 


Specialists in the development of giant patrol bombers 
for land and sea*, Consolidated has built more than 
four times as many of this size multi-motored ship than 
any other builder! 


* Ships having a wing span of over 100 feet. 
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Koriagin, Vsevolod Basil, M.S. in Ae.E.; M.I.Ae.S.:; Sr. 
Design Engineer, Lockheed Aircraft Corp. 

Kossler, William John, M.I.Ae.S.; Comdr., U.S.C.G.: Coast 
Guard Aviator; Chief, Aviation Engineering Section. 

Kramer, Fred S., M.I.Ae.S.; A.F.R.Ae.S.; Director of Education, 
Porterfield Aviation School. 

Krivetsky, Alexander, M.S. in Ae.E.; M.I.Ae.S.; Stress Analyst, 
Curtiss Aeroplane Div., Curtiss-Wright Corp. 

LaMont, James Bryce, M.I.Ac.S.; Gen. Service Mgr , 
west Airlines, Inc. 

Lamplugh, Alfred Gilmer, M.I.Ae.S.; F.R.Ae.S.; Underwriter 

Principal Surveyor, British Aviation Insurance Co 

Ltd. England. (See W.W. in B.A.) 

Lancor, Joseph H., Jr., B.S. in E.E.; M.I.Ae.S.; Research Eng., 
Sperry Gyroscope Co. 

Landis, Reed Gresham M.I.Ae.S.; Member, Chicago Aero- 
nautics Commission; Vice-Pres., American Airlines, Inc 
(See W.W. in A.A.) 

Langley, Marcus, M.I.Ae.S.; F.R.Ae.S.; Technical Manager, 
Flight Refuelling Ltd. England. (See W.W. in B.A ) 

Lappin, Arthur Norman, S.B. in Ae.E.; M.I.Ae.S.; Engineer, 
Curtiss Aeroplane Div., Curtiss-Wright Corp. 

Larsen, Victor A., M.I.Ae.S.; Vice-Pres. & Chief Engineer, 
Colgate-Larsen Aircraft Co., Inc. 

Larson, Norman Folger, B.S. in M.E.; M.I.Ae.S.; Installation 
Engineer, Pratt & Whitney Aircraft, United Aircraft Corp. 

Larson, Oscar Theodore, A.B.; M.I.Ae.S.; Gen. Supt., Trans- 
Canada Airlines. Canada. 

Lau, Alfred Herman, B.Ac.E.; M.I.Ae.S.; 
Wright Corp. 

Leak, Arthur Henry, M.I.Ae.S.; A.F.R.Ae.S.; Asst. Chief Engi- 
neer, Wright Aeronautical Corp. 

Lee, Dana Willis, M.E.; M.I.Ae.S.; 
neer, N.A.C.A. 

Lemonier, Camille Robert, M.E.; M.I.Ae.S.; Project Engineer, 
Fleetwings, Inc. 

Leonard, Nathaniel Nelson, Jr., B.S. in M.E.; M.I.Ac.S.; Tool 
Designer, Douglas Aircraft Co. 

Lightfoot, Ralph Butterworth, B.S. in M.E.; M.I.Ae.S.; Aero. 
Engineer, Vought-Sikorsky Div., United Aircraft Corp. 

Liljencrantz, Eric, M.D.; M.I.Ae.S.; Asst. Professor of Medi- 
cine, Stanford Univ.; Flight Surgeon, Pacific Div., Pan 
American Airways System; Commander (MC) U.S.N.R 
and Naval Flight Surgeon. 

Littell, Robert Elwood, B.S.; M.I.Ae.S.; Asst. Aero. Engineer 
N.A.C 


North- 


Engineer, Curtiss- 


Assoc. Mechanical Engi- 


Little, David Scott, M.I.Ae.S.; Pilot & Radio Engineer, Ameri- 
can Airlines, Inc. 

Lochridge, Lloyd P., M.I.Ae.S.; 
Sinclair Refining Co 

Loen, Hans, M.E.; M_I.Ae.S.; 
strument Co. 

Lombardi, Loreto, S.B. in Ae.E.; M.I.Ae.S.; Stress Analyst, 
Curtiss Aeroplane Div., Curtiss-Wright Corp. 

Loomis, Robert Charles, B.S.; M.I.Ae.S.; Lt.(jg) U.S. N.R.; 
Engineer Test Pilot and Engineer in Charge Research, 
T. & W. A., Inc. 

Lott, Egbert Phelps, MI Ac S.; Capt., United Air Lines Trans- 
port Corp. 

Lucas, Philip Dearborn, M.I.Ac.S.; Ground School Supervisor, 
CPT CAA. 

Lundberg, Bo Klas Oskar, C.E.; 
Swedish Air Force, Sweden. 

Lundgren, Agne, M.E.; M.I.Ac.S.; Production Engineer, Vega 
Airplane Co. 

Lundquist, Wilton G., B.S.; M.I.Ae.S.; Project Engineer, Wright 
Aeronautical Corp. 

Luther, John McClary, M.I.Ac.S.; Wing Group Leader, Curtiss 
Aeroplane Div., Curtiss-Wright Corp. 

Lutton, Lyle Strub, M.I.Ae.S.; Chief Engineer, St. Louis Air- 
craft Corp. 

Lyman, Joseph, M.I.Ae.S.; Capt., U.S. M.C.R.; 
Engineer, Sperry Gyroscope Co. 

MacCracken, William Patterson, Jr., LL.D.; J.D.; M.I.AeS; 
Lawyer. (See W.W. in A.) 


Lubrication Sales Manager, 


Project Engineer, Pioneer In- 


Lieutenant, 


M.I1.Ae.S. ; 


Research 


MacLean, John Allan, M.S. in M.E.; M.I.Ae.S.; Chief of Stress 
Analysis, Airplane Shock Strut Dept., Bendix Products 
Div., Bendix Aviation Corp 
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M.I.Ae.S.; 


MacNeil, Charles Seward Jadis, S.B. in Ae.E.; 
Motors 


Chief Engineer, Aeroproducts Div., General 
Corp. 

Mahin, Edward Garfield, Ph.D.; M.I.Ae.S.: Prof. & Head 
Dept. of Metallurgy, Univ. Notre Dame. (See W.W. in 
A.; W.W. in Eng.; W.W. in Amer. Educ.; A.M. of S.) 

Malmsten, Lee Roy, M.I.Ae.S.; Chief of Ground School, 
Embry-Riddle School of Aviation; Visiting Lecturer on 
Aeronautics, Univ. of Miami. 

Maloy, Raymond Baird, B.S.E.; M.I.Ae.S.; Assoc 
Engineer, Aircraft Airworthiness Section, C.A.A. 

Mangurian, George Nishan, M.S. in C.E.; M.I.Ae.S.; Project 
Stress Engineer, The Glenn L. Martin Co. 

Martin, Donald Alexander, B.Ae.E.; M.I.Ac.S.; 
Louis Airplane Div., Curtiss-Wright Corp. 

Martin, Victor John, M.S. in Ae.E.; M.I.Ae.S.; Asst. Prof., Aero. 
Dept., Univ. Washington. 

Martin, Wilbur Allison, M.E.; M.I.Ae.S.; Aero. Structural 
Engineer, Grumman Aircraft Engineering Corp. 

Masland, William Meyer, B.S.; M.I.Ae.S.; Captain, 
American Airways System. 

Masterson, Byron Brubaker, B.S.; M.I.Ac.S.; 
Sales, Lockheed Aircraft Co. 

Mathes, John Charles, B.S. in C.E.; M_.I.Ae.S.; 
Dowmetal Div., Dow Chemical Co. 

Maxfield, William, M.I.Ae.S.; System 
Maintenance, T. & W. A., Inc. 

Maxson, Lisle Judson, M.S.; M.I.Ae.S.; Comdr., U. S. N; 
Asst. Chief Engineer, Catapult Design, Naval Aircraft 
Factory, Phila. 

May, Richard Bascom, B.S. in E.E.; M.I.Ae.S. 

McCarty, Lewis C., Jr., M.I.Ae.S.; Vice-Pres. Engineering, 
Central Aircraft Mfg. Co. Div. of Intercontinent Corp., 
China. 

McClarren, Ralph Herbert, Ae.E.; M.I.Ac.S.; 
The Franklin Institute, Philadelphia. 

McCoy, Howard Monroe, M.S. in Ae.E.; M.1.Ae.S.; Captain, 
U. S. Army Air Corps. 

McCullough, Arthur Lee, C.E.; M.I.Ae.S.; Pilot, Pan American 
Airways System. 

McFarland, Ross A., Ph.D.; M.I.Ae.S.; Asst. Prof. (Research 
in Aero-Physiology and Psychology), Fatigue Laboratory, 
Harvard Univ. (See A.M. of S.) 

McFarlane, Robert Morris, B.S.Ae.; 
Analyst, The Glenn L. Martin Co. 

McKay, Harry Matson, M.I.Ae.S.; Vice-Pres. in Charge Engi 
neering & Production, St. Louis Aircraft Corp. 

McKay, Walter, M.S. in Ae.; M.I.Ae.S.; Massachusetts Inst. 
of Technology. 

McKiernan, William John, M.I.Ae.S.; 
Corps. 

McLaughlin, George Francis, M.I.Ae.S.; Editor, ‘‘Aero Digest.” 

McVeigh, John Ross, M.I.Ae.S.; Chief Designer in Charge of 
Drafting, Mawen Motor Corp. 

McVitty, Edward Winton, B.S.; M.I.Ae.S.; Division Engineer, 
Atlantic Division, Pan American Airways System. 
Melick, Paul K., M.S. in M E.; M.I.Ae.S 
Melrose, Robert George, Ac.E.; M.I.Ae.S.; 

Engineer, Republic Aviation Corp. 

Meltzer, Fred Carl, S.M.; M.I.Ae.S.; Financial Research, W 
A. M. Burden. 

Meyers, Charles Willis, M.B.A.; M.I.Ae.S.; Asst. 
Metallurgical Dept., American Steel & Wire Co. 

Michael, Marvin Lowell, M.S. in Ae.E.; M.I.Ae.S.; Flight Test 
Engineer, Boeing Airplane Co. 

Millar, John Humphrey, M.I.Ae.S.; A.R.Ae.S.; Managing 
Director, Aviation Corporates Ltd.; Director, Engineering 
Developments (England) Ltd. England. 

Miller, Albert Edison, B.S. in Ch.; M.I.Ae.S.; Process Chemist 
& Asst. to Vice-Pres., Sinclair Refining Co. 

Miller, Louis Crossman, B.S. in Ae.E.; M.I.Ae.S.; 
of Aerodynamics, Flight Test and Weights, 
Aeronautical Corp. 

Mills, Roscoe Harlan, Ph.D.; M.I.Ae.S.; Wright Field. 

Mingos, Howard L., M.I.Ae.S.; Editor, ‘‘Aircraft Year Book.” 
(See W.W. in A.) 


Aero 


Engineer, St 


Pan 
Asst. Technical 
Engineer, 


Superintendant of 


Aero. Engineer, 


M.I.Ae.S.; Sr. Stress 


Major, U.S. Army Air 


Asst. Power Plant 


Mgr. 


Supervisor 
Brewster 


FOR NATIONAL DEFENSE 


One of the greatest expansion programs in history 
—three huge plants at Buffalo, Columbus and St. 
Louis, in addition to present facilities—will speed 
Curtiss-Wright production of many types of military 
and naval aircraft. 


In the Buffalo plant alone, Curtiss is already build- 
ing 10 formidable pursuits a day for the U. S. Army 
Air Corps and Great Britain, in addition to other 
types for the Army and Navy. The total floor area 
of the airplane divisions is being expanded from 
approximately 1,000,000 sq. ft. to 4,700,000 sq. 
ft. — personnel from 13,000 to 45,000 — to give 
Curtiss-Wright unequalled facilities for airplane 
defense production. 


CURTISS-WRIGHT CORPORATION 
AIRPLANE DIVISION, BUFFALO PLANTS 


CURTISS-WRIGHT CORPORATION 
AIRPLANE DIVISION, COLUMBUS PLANT 


CURTISS-WRIGHT CORPORATION 
AIRPLANE DIVISION, ST. LOUIS PLANT 
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Minser, Edward John, M.I.Ae.S., Chief Meteorologist, T. & W. 
A., Inc. 

Mintz, Bernard, B.S. in Ae.E.; M.I.Ae.S.; Spares Engineer, 
Curtiss Aeroplane Div., Curtiss-Wright Corp. 

Mock, Wesley Charnock, Jr., B.S. in M.E.; M.I.Ae.S.; Asst. 
Physicist, Aerodynamics Sec, National Bureau of 
Standards. 

Moffat, Reuben Curtis, M.I.Ae.S.; 
Corps. (See W.W. in A.A.) 

Moon, Harold Predmore, M.I.Ae.S.; 
Aeronautical Corp. 

Moore-Brabazon, John Theodore Cuthbert, M.I.Ae.S.; F-.R.- 
Ae.S.; Lt. Col., M.C.; Member of Parliament; Past Pres., 
R.Ae.S. England. (See B.W.W.) 


Lt. Col., U.S. Army Air 


Gen. Manager, Summit 


Morris, Edward Whitman, B.S. in Ae.E.; M.I.Ae.S.; Asst. 
Chief Engineer, Aeroproducts Div., General Motors 


Corp. 
Moss, Virgil Donald, B.S.; M.I.Ae.S.; Stress Engineer, Glenn 
L. Martin Co. 
Mulligan, Denis, J.S.D.; 
torney-at-Law. 
Mullowney, Penn Evans, M.S. in Ae.E.; M.I.Ae.S.; Jr. Aero 
dynamicist, Glenn L. Martin Co. 
Myers, George Francis, B.S. in M.E.; 


B.S.; M.I.Ae.S.; Capt., A.C.; At- 


M.1.Ae.S.; Patent 


Attorney. (See W.W. in Eng.) 

Naumann, Donald Jerome, B.Ac.E.; M.I.Ae.S. 

Nazir, Phiroze Pestonji, M.I.Ae.S.; A.F.R.Ae.S.; Aircraft 
Inspector, Fairchild Aircraft Ltd. Canada. 

Nelson, Wilbur Clifton, M.S.E.(Ae.E.); M.I.Ae.S.; Asst. 


Prof., Aero. Engineering, Iowa State College. 

Neville, Leslie E., M.I.Ae.S.; Editor, “Aviation Magazine.”’ 

Nicoll, Reginald Eycott, M.I.Ae.S.; Major; Handley Page Ltd 
England. 

Niedelman, Samuel, M.S., M.I.Ae.S.; 
ment & Export, Inc. 

Niessing, William James, Jr., M.S. in Ae.E.; M.I.Ae.S.; Aero. 
Engineer, Glenn L. Martin Co. 

Norcross, Carl, Ph.D.; M.I.Ae.S.; Managing Editor, ‘‘Aviation 
Magazine.”’ 

Norris, Eugene Wesley, B.S. in M.E.; M.I.Ae.S.; Aero. Engr., 
Aircraft Airworthiness Section, C.A.A. 

Noxon, Paul Adelbert, E.E.; M.I Ae.S.; 
Instrument Co. 

O’Hare, George William, Ae.E.; M.I.Ae.S.; Armament Engi 
neer, Vultee Aircraft, Inc. 

Omori, Takeo, M.I.Ae.S.; Major, Japanese Army; 
Associate, Aero. Research Inst. Japan. 
Orshansky, Elias, Jr., M.I.Ae.S.; Vice-Pres. in Charge of Engi- 

neering, The Acrotorque Co. 


Pres., Aviation Equip- 


Engineer, Pioneer 


Research 


Orville, Howard Thomas, S.M.; M.I.Ae.S.; Lt. Comdr., 
U.S.N., Engineer Officer (Aerology), U.S.N. 
Ostby, Kristian August, B.S. in Ae.E.; M.I.Ae.S.; Comdr., 


Royal Norwegian Navy; Inspector and Test Pilot, Naval 
Aircraft Factory. Norway. 

Outman, H. Vernon, B.S. in Ae.E.; M.I.Ae.S.; Chief of Aero- 
dynamics, Glenn L. Martin Co. 

Pack, Mendel Nathan, M.S. in A.E.; M.I.Ae.S.; Chief of Struc- 
tures Group, St. Louis Airplane Div.. Curtiss-Wright 
Corporation. 

Palmer, Edward Donald, M.S. in Ae.E.; 
Engineer, Lockheed Aircraft Corp. 

Pappas, Costas Ernest, Sc.M.; M.I.Ae.S.; Chief, Aerodynamics 
& Flight Test Dept., Republic Aviation Corp. 

Parke, Nathan Grier, III, A.B.; M.I.Ae.S.; Consultant, Engi- 
neering Mathematics. 

Parker, Norman Alwyn, M.E.; M.I.Ae.S.; Prof. & Acting Head, 
Mech. Engineering Dept., Univ. of Colorado. 

Parkinson, John Bingham, M.I.Ae.S.; Naval Architect, N.A.C.A. 

Parkinson, Leslie Rendall, Ae.E.; M.I.Ae.S.; A.F.R.Ae.S.; 
Head of Dept., Aero. Engineering, Univ. of North Caro- 
lina. (See W.W. in Eng.) 

Parks, Oliver Lafayette, M.I.Ae.S.; 
(See W.W. in A.) 

Pasqualini, Clodoveo, M.I.Ae.S.; 


M.I1.Ae.S. ; 


Project 


Pres., Parks Air College. 


Prof. Applied Mechanics, 


R.a. Universita di Genova, Italy. Visiting Prof. Aero- 
nautics, Universidad Nacional de Cordoba. 


Argentina 


M.I.Ae.S.; Pres. 


Patterson, Albert Mansfield, B.S. in Ae.E.; 
& Treas., Aeronautical Mfg. Corp. 

Patterson, George Beatty, M.I.Ae.S.; Staff Aviation Engineer, 
Socony-Vacuum Oil Co. (See W.W. in A.A.) 

Pavlecka, Vladimir H., B.S. in E.E.; M.I.Ae.S.; Chief Research 
Engineer, Northrop Aircraft, Inc. 

Paxton, Charles Norman, A.B. in M.E.; M.1.Ae.S.; Lieut. 
(j.g.), U.S.N.R.; Kansas City Naval Reserve Aviation 
Base. 

Pennell, Maynard Lyman, B.S. in Ae.E.; M.I.Ae.S.; Engineer, 
Boeing Aircraft Co. 

Pervical, Edgar Wikner, M.I.Ae.S.; 
Director, Percival Aircraft Ltd. 
in B.A.) 


Founder & 
(See W.W. 


F.R.Ae.S.; 
England. 


Perry, Julian Packard, B.S. in Ae.E.; M.I.Ae.S.; Chief of 
Structures, Pitcairn Autogiro Co. 
Perry, Thomas Doane, S.B. in M.E.; M.I.Ae.S.; Resinous 


Products & Chemical Co. (See W.W. in Eng.) 

Peters, Eric Charles, M.E.; M.I.Ae.S.; Power Plant Engineer, 
Glenn L. Martin Co. 

Peterson, C. Gilbert, M.E.; M.I.Ae.S.; Chief Engineer, Rail- 
way Express Agency, Inc. (See W.W. in A.A.) 

Petterssen, Sverre, Ph.D.; M.I.Ae.S.; Prof. of Meteorology, 
Mass. Inst. of Technology. 

Phillips, Michael Joseph, Ac.E.; M.I.Ae.S.; Asst. Chief Engi- 
neer, Pump Engineering Service Corp. 

Leroy, B.S. in M.E.; M.I.Ae.S.; Asst. Engineer, 

Pinkel, Benjamin, B.S. in E.E.; M.I.Ae.S.; Assoc. Physicist, 
Power Plant Div., N.A.C.A. 

McLean, B.S.; M.I.Ae.S.; Assoc. Physicist, 


Piper, Paul Addison, B.S. in E.E.; M.I.Ae.S.; Weight Engineer, 
Glenn L. Martin Co. 

Pixton, John Erwin, M.S.; M.I.Ae.S.; Lt. Comdr., U. S. N., 
Naval Aircraft Factory, Philadelphia. 

Poppen, John Ryer, M.D.; M.I.Ae.S.; Comdr. (MC), U.S.N., 
Medical Research Section, Bureau of Aeronautics, Navy 
Dept. 

Porter, Lewis Morgan, M.E.; M.I.Ae.S.; Engine Designer, 
Pratt & Whitney Aircraft Div., United Aircraft Corp. 
(See W.W. in Eng.) 

Post, George Birkbeck, M.E.; M.I.Ae.S.; Vice-Pres., Edo Air- 
craft Corp.; Lt. Comdr. A-V(S), U. S. N. R. (See 
W.W. in A.A.) 

Powell, Mortimer, Ae.E.; M.I.AeS.; 
Boeing School of Aeronautics. 

Pratt, Wallace Everette, M.I.Ae.S.; Director, 
Co. of N. J. (See W.W. in A.; A.M. of S.) 

Raymond, Leonard, M.A.; M.I.Ae.S.; Supervisor, Automotive 
Laboratory, Tide Water Associated Oil Co. 

Reed, Albert Clark, B.S. in M.E.; M.I.Ae.S.; Ist Lt., Air 
Reserve, U.S. Army. Chief Test Pilot, Boeing Aircraft 
Co. 

Reff, Ernest Robert, B.Ae.E.; M.I.Ae.S.; Structural Develop- 
ment Engineer, Curtiss Aeroplane Div., Curtiss-Wright 
Corp. 

Reid, Charles Thomas, 
Douglas Aircraft Co. 

Reisner, Joseph Henry,. M.I.Ae.S.; 
Accessories Corp. 

Resos, Eugene Peralta, B.S. in C.E.; M.I.Ae.S.; Stress Analyst, 
Vultee Aircraft, Inc. 

Rettenmeyer, Francis Xavier, B.S. in E.E.; M.I.Ae.S.; Manager 
of Receiver Engineering, RCA Mfg. Co. 
Rettenmeyer, Ray Dale, B.S. in E.E.; M.I.Ae.S.; 

“Communications.” 

Rhines, Thomas Broomell, S.B.; M.I.Ae.S.; Asst. Engineer, 
Hamilton Standard Propellers, United Aircraft Corp. 

Rice, Janvier Mayhew, E.E.; M.I.Ae.S.; Planning Engineer, 
Columbus Airplane Div., Curtiss-Wright Corp. 

Richter, Elvin Otto, M.I.Ae.S.; Wind Tunnel Operations Engi- 
neer, Lockheed Aircraft Corp. 

Richter, Paul Ernest, M.I.Ae.S.; Executive Vice-Pres., TWA, 
Inc. 

Ricketts, Donald H., M.S.; M.I.Ae.S.; Meteorologist, American 
Airlines, Inc. 


In Charge Engineering, 


Standard Oil 


M.I.Ae.S.; Director of Education, 
(See W.W. in Eng.) 
Sales Engineer, Aircraft 


Editor, 
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ing highways and the drone of air transports overhead. 
In this hour of destiny Douglas is proud to re-double every effor 
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Ripley, Charles Bell, B.S. in M.E.; M.I.Ae.S.; Engineer, Aero 
Insurance Underwriters. 

Robinson, Samuel Thomas, M.I.AeS.; Sales Engineer, Export 
Liaison Div., Wright Aeronautical Corp. 

Rodert, Lewis August, B.Ae.E.; M.I.Ae.S.; Asst. Aero. Engineer, 
Ames Aero. Lab., N.A.C.A. 

Rogallo, Francis Melvin, M.E.; M.I.Ae.S.; Asst. Aero Engineer, 
N.A.C.A. 

Rogowski, Augustus Rudolph, S.M.; M.I.Ae.S.; Asst. Prof., 
Internal Combustion Engines, M.I.T. 

Rosen, Joseph, M.S.; M.I.Ae.S.; Aviation Instructor, Teaneck 

High School and New York Univ. 

Rossmann, Peter Franz, M.I.Ae.S.; Development and Research 
Engineer, Curtiss Aeroplane Div., Curtiss-Wright Corp. 

Rummel, Robert Wiland, M.I.Ae.S.; Chief Engineer, Rearwin 
Aircraft & Engines, Inc. 

Everit Jay, B.S.; M.I.Ae.S.; Vice-Pres., Standard Oil 

Co. of New Jersey. 

Salter, Tom, B.S. in Ae.E.; M.1.Ae.S.; 
Aircraft Co. 

Sanford, Carl Nichols, M.Eng.; M.I.Ae.S.; Asst. Prof., Aero. 
E ngineering, North Carolina State College. 

Sargent, Howard Harrop, Jr., S.B. in Ae.E.; M.I.Ace.S.; Chief 
Test Pilot, Pratt & Whitney Aircraft, United Aircraft 
Corp. 

Sartore, Silvio Roland, Aec.E.; M.I.Ae.S.; Aero. Engineer, 
Curtiss Aeroplane Div., Curtiss-Wright Corp. 

Satin, Alexander, B.S.; M.I.Ae.S.; In Charge of Engineering 
& Drafting Depts., Calif. Flyers School of Aeronautics. 

Saville, Thorndike, M.S.; M.I.Ae.S.; Dean, College of Engi- 
neering, New York Univ. (See W.W. in A.; A.M. of S.; 
W.W. in Eng.) 

Schaal, Ellsworth Alvin, B.S. in Ae.E.; M.I.Ae.S.; 
Boeing Aircraft Co. 

Schairer, George Swift, M.S.; M.I.Ae.S.; Chief Aerodynamicist, 
Boeing Aircraft Co. 

Schory, Carl F., M.I.Ae.S.; Service Mgr., Hamilton Standard 
Propellers, United Aircraft Corp. (See W.W. in A.A.) 

Schroeder, Rudolph William, M.I.Ae.S.;  Vice-Pres. Safety, 
United Air Lines Transport Corp. (See W.W. in A.A.) 

Schwartz, Albert Murray, Ae.E.; M.I.Ae.S.; Design Coordi- 
nator, Northrop Aircraft, Inc. 

Schwenn, Kurt Richard Hans, M.I.Ae.S.; Instrument Designer, 
Pioneer Instrument Div., Bendix Aviation Corp. 

Scott, Carl William, M.I.Ae.S.; Design Engineer, St. Louis 
Airplane Div., Curtiss-Wright Corp. 

Seamons, Joseph Paul, B.S. in C.E.; M.I.Ae.S.; Staff Engineer, 
Vega Airplane Co. 

Sears, William Rees, Ph.D.; M.I.Ae.S.; Asst. Prof. Aecro- 
nautics, California Inst. of Technology. (See B.B. of A.) 

Seitz, Clifford Peter, Ph.D.; M.I.Ae.S.; Instructor, Dept. of 
Psychology, Univ. of Alabama. 

Semion, Walter Elexis, S.B.; M.I.Ae.S.; Design Engineer, 
Hughes Aircraft Co. 

Sempill, William Francis Forbes- (Lord Sempill), M.I.Ae.S.; 
F.R.Ae.S. (See B.W.W.) 

Serebreny, Sidney Martin, S.B.; M.I.Ae.S.; Instructor in Aero. 
Meteorology, Univ. Minnesota. 

Shapter, Nelson Norton, B.S. in Ae.E.; M.I.Ae.S.; Assoc. Aero. 
Engineer, C.A.A 

Shelton, Thomas Miles, B.S.; M.I.Ae.S.; Technical Director 
& Supt. Mechanical Instruction, Aero Industries Tech. 
Inst. 

Shepley, Philip, LL.B.; M.I.Ae.S.; Sales Engineer, Export 
Sales Div., Curtiss-Wright Corp. 

Sibila, Alfred I., M.S. in Ae.E.; M.I.Ae.S.; Aerodynamics Sec- 
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Home Defense 


The Paper Hornet is really a good-natured creature, con- 
tent to buzz around of a summer’s day looking ‘for his 
dinner. But nobody in his right mind would deliber- 
ately invade a hornet’s nest. Mr. Hornet long ago devel- 
oped aerial home defense tactics so effective that he rarely 
is called upon to fight. 


But it is not only his sting that earns him the respect 
of the world—for many insects carry weapons. He is 
also an amazing flyer. He has the power to take off ina 
second, quickly gain altitude and execute a neat power- 
dive to intercept the attacker before he quite knows 
what struck him. 


Just as the power of his wings aids the hornet in the 
defense of his home, so too may more powerful engines 
aid in our own defense. The more power American engines 
can deliver for every pound of weight and gallon of fuel, 
the more readily can we resist attack. 


Since increased power must come through refinements 
in fuels and engines, the Ethyl Gasoline Corporation re- 
gards the research work which its engineers are privileged 
to conduct in cooperation with aviation 
technologists as being of the utmost im- 
portance. We regard the technical data 
constantly being developed as an essen- 


tial link in our national defense armor. 


ETHYL GASOLINE CORPORATION, manufacturer of anti-knock fluids used by oil companies to improve gasoline 
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Sawyer, Marion Bell, M.I.Ae.S.; Pres., Sawyer Electrical Mfg. 
Co. 


Export Sales Div., 


Pres., Tennessee Aircraft In- 


Pres. and Direcior, 


Sawyer, Marion Bell, Jr., M.I.Ae.S.; Sec. & Treas., Sawyer 
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FAIRCHILD ENGINE AND AIRPLANE 
CORPORATION 


30 Rockefeller Plaza, New York 


FAIRCHILD AIRCRAFT DIVISION 


Hagerstown, Maryland 


Manufacturers of 


Military Training, Private 
and Commercial Airplanes 


RANGER AIRCRAFT ENGINES DIVISION 


Farmingdale, Long Island 


Manufacturers of 


Military and Commercial 
In-Line, Air Cooled Engines of 175 to 520 hp. 


DURAMOLD AIRCRAFT CORPORATION 
Wholly Owned Subsidiary 


Manufacturers of 
Airplane structural components of wood and 
synthetic resins, such as stabilizers, wings, 
spars and ribs. Developers of true monocoque design. 


FAIRCHILD AVIATION CORPORATION 


88-06 Van Wyck Boulevard - - Jamaica, N. Y. 


Manufacturers of 
Fairchild Aerial Cameras for vertical and oblique aerial photography, Fairchild Camera Machine Guns, aerial photo- 
graphic laboratory apparatus, Fairchild Radio Compass and other aerial navigation instruments; also sound recording 
equipment. Contractors to U. $. Army Air Corps and Bureau of Aeronautics of the U.S. Navy. 


Subsidiary Company 
FAIRCHILD AERIAL SURVEYS, INCORPORATED 
New York and Los Angeles 


Aerial mapping contractors. Aerial surveys, mosaics, planimetric maps, contour maps, tax maps, atlas sheets, etc. 
Oblique aerial photographs for all purposes. 
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First choice for strenuous military and commercial 
flying, General Airplane Tires have earned a 
reputation for DEPENDABILITY that means com- 
plete tire safety under all conditions. 


Airlines, manufacturers and governments in grow- 
ing numbers are using Generals to make their 
flying safer. 


Single Gland-Type AIRPLANE BRAKE 


Unique expanding gland, Hydraulic and Pneumatic, gives the wheel 
powerful yet smooth, balanced-action braking. Just three main parts 
combine to make this brake highly efficient: 1. Gland and -Pin, 
2. Brake Block, 3. Companion Flanges. All parts are interchange- 
able, and the brake surface is divided into blocks, which makes 
replacement of worn sections easy without relining entire block 
assembly. 


Rubber WIND SOCK 
for trailing antenna 


A distinctive cone for straight, 
steady drag without spin, twist or 
whip of the antenna. Durable and 
weather resisting, these wind socks 
can be cut to give proper drag by 
cutting away trailing end as neces- 


” 


sary. Length 6!5”. 


<= a 
TENSION UNIT for fixed antenna TWO-IN-ONE 
. Flexible unit eliminates need for 
metal springs—has only two metal Rubber EAR-P HONE Cup 
parts. Made of very tough, specially Light, durable cup to redistribute pressure 


compounded stock, the unit is easy é 
to install, efficient in operation, and from lobe of ear to side of head. For use 


serves as an effective antenna insu- with or without a helmet. These cups are 
lator.. washable, sanitary and have no odor. 


addres THE GENERAL TIRE AND RUBBER COMPANY, Akron, Ohio 


Your questions are invited 


= 
fof 
f 
: 
Gr 
od 
ay 
‘ 


TECHNICAL 


Bergdolt, Vollmar Edgar, B.S. in M.E.; Asst. Engineer, American 
Creosoting Co. 

Bergey, Milton Clifford, Layout Draftsman, Grumman Aircraft 
Engineering Corp. 

Berggren, Lloyd E. 

Berinati, Vincent James, B.Ac.E.; 
Corp. 

Berler, Irving, M.S. in Ae.; Engineer, Republic Aviation Corp. 

Berne, Richard, B.Ae.E.; 2nd Lieut., 70th Engineer Co., U.S. 


Engineer, Howard Aircraft 


Army. 
Berner, Robert Lewis, B.S. in E.E.; Engineer, Glenn L. Martin 
Co. 
Bevins, James E., B.S. in M.E.; Engineer, Pioneer Instrument 
oO. 


Bichon, Gene William, B.S. in Ae.E.; Probationary Jr. Naval 
Arch., Puget Sound Navy Yard. 

Bikle, Paul Fiery, B.Ae.E.; Engineer, Taylorcraft Aviation 
Corp. 

Billings, Henry C. 

Billups, James O. 

Bird, William Henry Stephenson, B.Ae.E.; Chief Draftsman, 
Aviation Div., Canadian Car & Foundry Co. Ltd., Canada. 


Bireley, William Paul, B.S. in M.E.; Engineer, Douglas Aircraft 
Co. 


Birnbaum, Daniel Sanford, Detail Design Draftsman, Vega 
Airplane Co. 

Bisplinghoff, Raymond Lewis, Ac.E.; Research Assistant, Univ. 
of Cincinnati. 

Bjerke, Allan Edward,. B.Ae.E.; 
Air Lines. 

Black, Nelms, Gen. Mgr., Alfred Rooney Co. 

Blair, — Cambelton, B.S. in C.E.; Student, Lockheed Aircraft 

orp. 

Blake, Tenney Elmore, B.S. in C.E.; Specification Engineer. 

Blakely, Carl Frederic, M.E. (Aero. Option); Eng. Test In- 
spector, Pratt and Whitney Aircraft Div., United Air- 
craft Corp. 

Bloom, Aaron, B.S. in Ae.E. 

Boden, Robert Hector, Ph.D.; 
Aircraft Corp. 

Boll, Fred Joseph, B.S. in M.E.; Supervisor of Production 
Process, Chemical, and Metallurgical Testing, Research 
Dept., Lockheed Aircraft Corp. 

Bonell, William Henry, M.S.; Research Engineer, Lockheed 
Aircraft Corp. 

Boothby, i ag Bartlett, B.S.M.E.; Jr. Aero. Engineer, 


Asst. Meteorologist, Eastern 


Research Engineer, Lockheed 


Borek, Edward Bernard, B.S.Ae.; Stress Engineer, Douglas 
Aircraft Co. 

Borofka, Francis Joseph, B.S. in M.E.; Draftsman, The Glenn 
L. Martin Co. 

Borowski, Edmund Joseph, Material Engineer, Lockheed Air- 
craft Corp. 

Boseker, F. John, Jr., Stress Analyst, Hughes Aircraft Co. 

Bosher, Benjamin Ashby, B.S. in Ae.E.; Stress Analyst, The 
Glenn L. Martin Co. 

Boss, Richard Emory Suddarth, Jr., B.Ae.E.; Engineer, Brewster 
Aeronautical Corp. 

Bossange, Edouard Raymond, Jr., S.B.; 
Pan American Airways. 

Bosserman, Charles Ashton, B.S.; Group Leader, Engineering 
Dept., Boeing Aircraft Co. 

Bounous, Edwin Philip, B.S. in Ae.E.; Stress, Grumman Air- 
craft Engineering Corp. 

Bouton, George Innes, Jr., Aec.E.; Stress Analyst, St. Louis 
Airplane Div., Curtiss-Wright Corp. 

Bowden, Frederick William, M.S. in E.E.; Research Engineer, 
Lockheed Aircraft Corp. 

Bowe, David D. 

Bowen, John Daurel, B.S.M.E.; Jr. Aero. Engineer, N.A.C.A. 

Bowser, James Warren, B.S. in Ae.E.; Sr. Design Checker, 
Vega Airplane Co. 

Boykin, James Arthur, Jr., B.S.M.E.; 
teriel Division, Wright Field. 

Bradley, Francis Xavier, B.S. in Ae.E., 2nd Lt., U.S. Army Air 
Corps. 

Bradley, William Nyman, B.S. in Ae.E.; Aero. Engineer. 


Apprentice Engineer, 


Jr. Aero. Engineer, Ma- 


MEMBERS 24 


Brahtz, John Frederick, A.B E.; Structural Engineer, Con- 
solidated Aircraft Corp. 

Braithwaite, J. W. 

Brandt, Charles Stewart, B.S. in Ac.; 
Aeronautical Co. 

Branson, Orland D., B.S. in E.E.; 
Corp. 

Bratsch, Chester Henry, Design Engineer, Vultee Aircraft, Inc. 

Braun, Orville Peter, Meteorologist, Pennsylvania Central Air- 
lines. 

Breuhaus, Waldemar Otto, B.S. in Ae.E.; 
sign, Vought-Sikorsky Aircraft Div., 
Corp 

Brewer, Walter Barnard, Jr., S.B. in Ae.E.; 
Curtiss-Wright Corp. 
Brice, Philip Edgar Rowland, B.S. in Ae.E.; Flight Test and 
Aerodynamics Engineer, Republic Aviation Corp. 
Briggs, Emerson Creed, B.S. in Aec.E.; Inspector, Glenn L. 
Martin Co. 

Brittan, Raymond Otto, Stress Analyst, Northrop Aircraft, Inc. 

Britton, E. Robert, B.S. in Ae.E.; Aerodynamic Design & Re- 
search, Vought-Sikorsky Aircraft Div., United Aircraft 
Corp. 

Brock, Horace, LL.B.; Capt., Pan American Airways System. 

Bromberg, Ben George, M.S. in M.E.; Stress Engineer, How- 
ard Aircraft Corp. 

Brooks, Chester Wyman, Sr. Detailer, Lockheed Aircraft Corp. 

Brooks, Emerson Hayden, B.S.; Engineer, Lockheed Aircraft 
Corp. 

Brooks, Frederick Thomas, Jr. Liaison Engineer, Lockheed Air- 
craft Corp. 

Brossel, Kenneth Severin, B.S. in Ae.E.; Wing Design, Boeing 
Aircraft Co. 

Brott, Gerald Frank, B.S. in Ae.E.; Engineer, Boeing Aircraft 
Co. 


Aero. Engineer, Ryan 


Engineer, Lockheed Aircraft 


Aerodynamics, De- 
United Aircraft 


Aerodynamics, 


Brown, Charles Durward, M.S. in Applied Mech.;. Asst. Prof., 
Univ. of Maine. 

Brown, John J. 

Brown, Russell Williams, A.B.; 
craft Co. 

Bryan, Harold Edward, Design and Stress Analysis, St. Louis 
Airplane Div., Curtiss-Wright Corp. 

Buckley, Edmond C., E.E.; Assoc. Engineer, N.A.C.A. 

Bull, Charles Gordon, B.S.M.E., Mech. Engineer, Pilot Officer, 
R.C.A.F. 

Burbick, Robert A., Assoc. Aircraft Inspector, C.A.A 

Burd, Edward, B.S. in Ae.E.; Aero. Engineer. 

Burke, Louis Lee, Ae.E.; Stress Analyst, Vultee Aircraft, Inc. 

Burke, Robert Earl, B.S. in Ae.E.; Jr. Stress Analyst, Glenn L. 
Martin Co. 

Burns, Charles Evan, B.S. in Ae.E.; Stress Analysis, Vega Air- 
plane Co. 

Burns, Robert Rudolph, B.Ae.E.; Aviation Cadet, U.S. Marine 
Corps Res. 

Burrier, Horace Eugene, B.S. in M.E.; 
can Aviation, Inc. 

Burroughs, Richard Hansford, Jr., B.S.E.; 
Flight Test Engineer, Vought-Sikorsky 
United Aircraft Cotp. 

Buschmann, Rudi Paul, Stress Analyst, Lockheed Aircraft Corp 

Bush, Robert Gordon, B.Ae.E.; Aerodynamicist, Boeing 
Aircraft Co. 

Bussey, John K., M.S. in Ae.E.; Jr. Engineer, N.A.C.A. 

Butler, Joseph Parker, B.S. in M.E.; Engineer, Boeing Air- 
craft Co. 

Butman, P. M. 

Butterworth, Arthur Arnold, Jr., B.Ae.E.; 
sis, Naval Aircraft Factory. 

Buzzetti, Charles Joseph, Engineer, Lockheed Aircraft Corp. 

Bye, To Jacob, B.Ae.E.; Planner, Fairchild Aircraft, 
Ltd 

Calvert, Harry Bernard, Boeing Aircraft Co. 

Cameron, John Elza, B.S. in Ae.E.; Engineer, Boston-Maine 
Airways. 

Campbell, Leroy Henry, Ac.E.; 
plane Co. 


Stress Analysis, Douglas Air- 


Engineer, North Ameri- 


Aerodynamics & 
Aircraft Div., 


Design, Stress Analy- 


Layout Draftsman, Vega Air- 


aviation equipment being “t 


Candid shots of B. F. Goodrich 


ture-tested”’ in our laboratories 


Driving Blizzards Made to Order! thav’s how the 
B. F.. Goodrich laboratories produce severe flight hazards to test B. F. 
Goodrich De-Icers. Zero winds rush through this huge wind tunnel. 
But the pulsating action of the De-Icers attached to the leading edge 
of the test wing breaks the ice right off! 


Condemned to the Guillotine! That's the fate of this 
B. F. Goodrich Airplane Silvertown — the famous low-pressure tire 
used by leading commercial airlines, private and service plane 
manufacturers. With lightning speed, the plunger drops down a 96 ft. 
shaft . . . delivers a blow that would mean death to ordinary tires. 
But B. F. Goodrich Tires can take it! 


Tires Take a Beating! 
The actual impact of a gigantic 
transcontinental airliner when 
it comes to earth is duplicated 
here. That’s how the laboratory 
proves that B. F. Goodrich Sil- 
vertowns can withstand terrific 
impacts. 


Brakes Get Punished > >. 
Mercilessly! sudden stops 


and starts show what vital bra 
control B. F. Goodrich E. T.* 
Brakes give a plane... whether 
it eelaiie a half ton or is a 
33-ton giant. When the braking 
fluid enters the Expander Tube, 
it forces sectional brake blocks 
against the brake drum bring- 
ing the plane to a quiet, smooth 
stop. 


*B. F. Goodrich Expander Tube Brakes are manufactured under license and sold by 
Hayes Industries, Inc., Jackson, Mich., and Bendix Aviation Corp., South Bend, Ind. 


The B, F. Goodrich Company 


Akron, Ohio oe - Los Angeles, Cal. 
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Campbell, Robert Gordon, B. in Ae.E.; Asst. in Research and 
Teaching, Case School of Applied Science. 

Camping, Robert Lewis, M.S.(Ae.E.); Engineer, Aeroproducts 
Div., General Motors Corp. 

Cantor, Myron Abbott, B.S. in A.e.E.; Stress Analyst, Curtiss 
Aeroplane Div., Curtiss-Wright Corp. 

Caprioglio, Elio, B.S. in A-E.; Engineer, Grumman Aircraft 
Engineering Corp. 

Carah, Alfred Jean, M.E. (Aero.); 
Aircraft Co. 

Carchia, A. Raymond, B.S. in Ae.E.; 
Sound Navy Yard. 

Carlson, Russell M., M.S. in Ae.E.; Structural Engineer 
Vought-Sikorsky Aircraft Div., United Aircraft Corp. 

Carman, LeMoyne Ross, B.Ae.E.; Drafting, Boeing Aircraft 
Co. 


Test Engineer, Douglas 


Naval Architect, Puget 


Carpenter, Donald Thompson, Structural Engineer, Vought- 
Sikorsky Aircraft Div., United Aircraft Corp. 

Carran, John Alfred, B.S. in Ae.E.; Aerodynamicist, Wallace- 
Martin Airplane Corp. 

Carroll, Arthur F., B.S. in E.E.; Trainee, Vega Airplane Co. 

Carson, Howard Thomas, B.S. in Ae.E. 

Carter, George Daniel, B.S. in Ae.E.; Stress Analyst, Vega Air- 
plane Co. 

Caruba, Michael Angelo, B.Aec.E.; 
nautical Corp. 

Cascadden, Lewis Earle, B.S.Ae.E.; Drafting, Curtiss Aero- 
plane Div., Curtiss-Wright Corp. 

Case, Roy I., Jr., B.S. in E.E.; Draftsman, Consolidated Air- 
craft Corp. 

Cassese, Salvatore, B.C.E. 

a Walker, B.S.; Asst. to Pres., Sperry Gyroscope 

oO. 

Castler, Joseph H., B.S. in M.E.; Student, Lockheed Aircraft 
Corp. 

Castles, Walter, Jr., B.S. in A.E. 

eens Vincent Earl, B.S.; Stress Engineer, Vultee Aircraft, 
ne. 

Cerny, Richard Joseph, B.S.; Structural Layout Draftsman, 
Brewster Acronautical Corp. 
Chambers, James Cope, B.S. in M.E.; Jr. Layout Engineer 
Champion, Albert Prosper, B.S.E.(Aero.); Project Liaison Engi- 
neer, Engineering Dept., Lockheed Aircraft Corp. 
Champlain, Daniel Dolph, B.Ac.E.; 2nd Lt.. U.S. Army Air 
Corps. 

Champney, William Brooks, M.S. in M.E.; Engineer, Daniel 
Guggenheim Airship Institute. 

Chang, Fred, B.S.E.; Graduate Student, Univ. of Mich. 

Chapman, Frank Bovard, B.S. in Ae.E.; Jr. Detailer, Engineer- 
ing Dept., Lockheed Aircraft Corp. 

Chapman, Randall Noyes, B.Ac.E.; Head, Dept. of Aero. Engi- 
neering, Lawrence Inst. of Technology. 

Chardon, Felix, M.S. in Ac.E., Engineer, Brewster Aeronautical 
Corp. 

Charters, Alexander Crane, Jr.; 
Aberdeen Proving Ground. 

Chase, E. Paul, B.S. in Ae.E.; Inspector, Consolidated Aircraft 
Corp. 

Cheatham, Thomas Alfred, Jr., B.S. in Ae.E.; Aero. Engineering 
Aide, U.S. Naval Aircraft Factory. 

Chevedden, Ray Thomas, B.S. in M.E.; 
Aircraft Corp 

Chin, Harry Bradford, Instructor, Boeing School of Aeronautics 

Chitwood, Delmar Harold, Stress Analyst, Cessna Aircraft Corp. 

Chris, Stephen John, B.Ac.E.; Engineer, Douglas Aircraft Co. 

Christenson, Charles Harold, B.Ae.E.; Grumman Aircraft 
Engineering Corp. 

Christy, Roland, Draftsman, Vought-Sikorsky Aircraft 
United Aircraft Corp. 

Clark, Robert Carson, B.Ae.E.; Jr. Stress Analyst, The Glenn L 
Martin Co. 

a Mark H., B.Ae.E.; Aero. Engineer, Douglas Aircraft 

oO. 

Claus, William Davenport, B.S. in M_E. 

Clauser, Francis, Ph.D.; Engineer, Douglas Aircraft Co. 

Clayton, Fred William, Jr., B.S.; Chief Engineer, Airmantech 


Engineer, Brewster Aero- 


Ph.D.; Asst. Ballistician, 


Draftsman, Lockheed 


Div.; 
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Clendenen, Harold Campbell, B.S. in E.E.; Student, Lockheed 
Aircraft Corp. 

Cleveland, George, II, Engineer, Northrop Aircraft, Inc 

Clifford, Lawrence Bruce, B.Aec.E. 

Coates, Leonidas Dixon, M.S.; Lt., Naval Aviator, U.S. Navy 

Coblentz, George Samuel, Jr., B.S. in M.E.; Stress Analyst, 
Vultee Aircraft, Inc. 

Cohan, Sid, Power Plant Engineer, El Segundo Div., Douglas 
Aircraft Co. : 

Cokliss, Oscar Eugene, B.S. in Ae.E.; 
solidated Aircraft Corp. 

Cole, Donald Malpas, Jr., S.B.Ae.E.; Structures Weight Engineer, 
Vega Airplane Co. 

Cole, Rossa William, M.Aec.E.; Instructor in Aircraft Engines, 
New York Univ. 

Coleman, Gerald W., B.Ae.E.; 
Div. of Vultee Aircraft, Inc. 

Coleman, Kenneth Henry, B.S. in M.E.; 
Aircraft Corp. 

Collazo, Anibal Francisco, B.S.; Sr. 
Aero Engineer. 

Collins, Francis Michael, B.Ac.E.; 
Martin Co. 

Combs, Henry Gardner, M.E.; Engineering Instructor, Curtiss 
Wright Technical Inst. 

Compter, George Henry, B.S. in Ae.E.; Aero. Engineer, Brewster 
Aeronautical Corp. 

Congdon, Richard Irving, B.S. in M.E.; Meteorologist, United 
Air Lines Transport Corp. 

Connel, William Alexander, Inspector, Pratt & Whitney Aircraft, 
United Aircraft Corp. 

Conner, Daniel Marion, B.S. in M.E.; 
Douglas Aircraft Co. 

Connor, G. A. 

Conviser, Albert A., B.S. in Ae.E.; Sales & Advertising Manager, 
Uneeda-National, Inc. 

Conway, H. M., Jr., B.Ae.E.; Graduate Student in Aero Engi- 
neering, Georgia School of Technology 

Conway, Robert Nelson, B.Ac.E.; Jr. Engineer, N.A.C.A 

Cook, Leslie Wheeler, Engineer, Hastings Mfg. Co 

Cooke, Leonard. 

Cornelius, Walter, B.Ac.E.; Jr. 
search Lab 

Cornog, Robert Alden, Ph.D. (Physics); Research Fellow, Univ 
of California. 

Cosbey, Edward, Jr., 
Aircraft Corp. 

Cote, Oliver Henri, Jr., B.Ae.E.; Asst. Aero. Engineer, Struc- 
tures Section, Bureau of Aeronautics, Navy Dept. 

Coulston, Richard Morrison, B.Ac.E.; Layout Eng., North 
American Aviation, Inc. 

Coutinho, John de Siqueira, M.Ae.E.; 
man Aircraft Engineering Corp. 

Crabtree, James Arnold, B.Ac.E.; Weight 
American Aviation, Inc. 

Crane, John Jacob, Student, Wayne Univ 

Crannage, Albert F., M.S. 

Cravero, Joseph Anthony; B.S. in Ac.E.; 
public Aviation Corp. 

Crawford, Herbert Raymond, B.M.E.:; 
Glenn L. Martin Co. 

Crawford, James Edgar, B.S. in Ac.E.; Draftsman, Curtiss Aero 
plane Div., Curtiss-Wright Corp. 
Crichlow, Walter Jack, B.A. in Education; Sr 

Vega Airplane Co. 
Crocker, Albert Rudolph, M.S. in Ac.E.; 
The Glenn L. Martin Co. 
Crockett, Harold Brown, M.S. in M.E.; Jr. 
Lockheed Aircraft Corp. 

Cronkhite, Albert Hal, B.S. in A.E. 
Crook, James Morvin, B.S. in Ae.E.; Sr 
Lockheed Aircraft Corp. 
Crosby, Frank Miller, B.S. in M.E.; 

School, Purdue Univ. 
Croshere, Austin Burton, Jr., B.S. in Ae.E.; 
Douglas Aircraft Co. 


Detail Designer, Con- 


Draftsman, Stinson Aircraft 
Engineer, Lockheed 
Lieut., Argentine Navy; 


Draftsman, The Glenn L. 


Production Design Group, 


Engineer, General Motors Re- 


Flight Controls Group Engineer, Bell 


Stress Analyst, Grum- 
Engineer, North 
Stress Analyst, Re- 


Liaison Engineer, The 


Stress Analyst, 
Vibration Engineer, 


Stress Engineer, 


Detail Draftsman, 
Asst. Instructor, M.E. 


Acro. Engineer, 
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Goodyear 
AIRWHEEL 


Goodyear 
HIGH 
PRESSURE | 


.. type of tire will give you most 


efficient service? That depends upon many 
different factors. But one thing you can be sure 
of, no one builds better airplane tires than Good- 
year. Not only because Goodyear’s experience 
in building aviation tires excels any other manu- 
facturer’s by years, but also because Goodyear 
has pioneered many of the most notable advances 
in airplane wheel and brake equipment. Com- 
panion of Goodyear airplane tires in safe depend- 
able performance is the Goodyear Hydraulic Dise 


Brake—the smoothest-gripping, surest-acting, 


Goodyear 


Goodyear SMOOTH 

INTERMEDIATE CONTOUR 
a 

Goodyear 

Goodyear MULTIPLE DISC BRAKE 

STREAMLINE ready to slide into housing 


quickest-stopping brake made. We will be glad to 


assist you in selecting proper types and sizes of 


tires, tubes, wheels, brakes and tailwheels for your 
specific landing gear problem. Write Goodyear, 
Aeronautics Department, Akron, Ohio, or Los 
Angeles, California. 


THE GREATEST NAME IN RUBBER 


On your new ship specify 
GOODYEAR airplane tires, wheels and brakes 


Airwheel—T. M. The Goodyear Tire & Rubber Company 
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Crossland, Frank James, B.S. in Ae.E.; Boeing Aircraft Co. 

Crotsley, Harmon Heaton, B.S.; Aero. Engineer, Curtiss Aero- 
plane Div., Curtiss-Wright Corp. 

Crozat, Donald Francis, B.S. in Ae.E.; Curtiss Propeller Div., 
Curtiss-Wright Corp. 
Cushman, Maurice Edward, B.S. in Ae.E.; Asst. Project Engi- 
neer, Curtiss Propeller Div., Curtiss-Wright Corp. 
Czarnecki, Kazimierz Roman, B.S. in Ae.E.; Jr. Aero. Engineer, 
N.A.C.A. 

Daggett, Myron Lynd, Jr., Engineer, St. Louis Airplane Div., 
Curtiss-Wright Corp. 

Dallenbach, Frederick, Research Engineer, 
Inc. 

Dansfield, Robert Raymond, B.S. in M.E.; First Officer, United 
Airlines Transport Corp. 

Davidson, Robert Eugene, B.Ae.E. 

Davies, Walter Moore, B.S. in E.E.; Aero. Draftsman, Curtiss 
Aeroplane Div., Curtiss-Wright Corp. 

Davies, Will Sullivan, B.S. in Ae.E.; Draftsman, Vought- 
Sikorsky Aircraft Div., United Aircraft Corp. 

Davis, Chester George, B.A.; Meteorologist, American Airlines. 

Davis, William Luce, Jr., Stress Analyst, St. Louis Airplane Div., 
Curtiss-Wright Corp. 

Dawee, Chulladrapya, Flying Officer, Royal Thai Air Force. 

Dean, Floyd Milo, B.S. in Ae.E. 

DeCenzo, Herbert A., B.Ae.E.; Chief Aerodynamicist, Northrop 
Aircraft, Inc. 

Decker, Walton Harris, B.S. in Ae.E 
American Aviation, Inc. 

de Florez, Peter, B.S.; Installation Engineer, Ranger Aircraft 
Engines Div., Fairchild Engine & Airplane Corp. 

De Grey, Richard Paul, Layout Draftsman, Lockheed Aircraft 
Corp. 

De Hart, John Randle, B.S.; Meteorologist, Eastern Air Lines. 

DeLand, Robert Earl, B.S. in Ae.E.; Test & Research, Curtiss- 
Wright Corp. 

Delker, Thomas Clifford, B.S. in Ae.E.; Jr. Aero. Engineer, 
Bendix Products Div., Bendix Aviation Corp. 

Della-Vedowa, Richard Peter, B.S. in M.E.; Engineering 
Trainee, Lockheed Aircraft Corp. 

Del Mar, Bruce Eugene, B.S.; Cabin Supercharging Project 
Engineer, Douglas Aircraft Co. 

Demas, Epaminondas James, B.Ae.E.; Engineer, Supervisor of 
Structural Testing, Lockheed Aircraft Corp. 
Dennis, Lester Thompson, B.Aero.E.; Stress Analyst, 

Propeller Div., Curtiss-Wright Corp. 
DeNoyer, Donald Benjamin, B.S. in M.E.; Lockheed Aircraft 
Corp. 
a Jean, M.E.; Hydraulic Engineer, Vega Airplane 
O. 


Northrop Aircraft, 


; Weight Engineer, North 


Curtiss 


Denzin, Edward Clarence, B.S. in Ae.E.; Stress Analyst, North- 
rop Aircraft, Inc. 

Deprez, Prosper Filibertus, M.E.; Student, 
Corp. 

Deregibus, Cleo. 
Dernbach, Anthony Francis, B.S. in Ac.E.; Jr. Eng., 
Air Corps Materiel Div., Wright Field. 
DeWeese, Herbert Frank, B.S. in Ae.E.; Aero. 
Aircraft Instrument Instructor, Lincoln 
Flying School. 

eeee I. Charles, B.S. in Ae.E.; Engineer, Ryan Aeronautical 

Dickie, John A., M.S.; Engineer, Lockheed Aircraft Corp. 

Dickinson, Holley Buckingham, M.S. in M.E.; Aerodynamics 
Engineer, Lockheed Aircraft Corp. 

Dietz, Robert P., Production Engineer, Bell Aircraft Corp. 

Dietz, William Charles, Ae.E.; Detail Draftsman, Consolidated 
Aircraft Corp. 

Dilatush, Howard Burtis, Jr., B.S. in Ae.E.; Asst. 
Engineer, U.S. Naval Air Station, Anacostia. 

Dillon, Frederick P., Sr. Research Engineer, Lockheed Aircraft 
Corp. 

DiNoto, Peter Alfred, B.S 


Lockheed Aircraft 


U.S. Army 


Engineer & 
Airplane & 


Flight Test 


.; Aero. Engineer, Curtiss Aeroplane 


Div., Curtiss-Wright Corp. 
Dinsmore, James Egan, B.S. 
Vultee Aircraft, Inc. 


in M.E.; Detail Draftsman, 
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Ditson, J. D., B.S. in Ae.E.; Rock Drill Engineering Dept., 


Ingersoll-Rand Co. 


do Amaral, Clay Presgrave, S.B.; Tech. Asst., Instituto de Pes- 
quisas Tecnologicas, Brazil. 
Dobbins, David Trowbridge, B.S.; Asst. Stress Analyst, Kellett 


Autogiro Corp. 


Dodge, John Alfred, S.B. in Ac.E.; 
heed Aircraft Corp. 


Sr. Detail Draftsman, Lock- 


Doering, Frederick John, Jr. B.Ae.E.; Jr. Aero. Engineer, 
Ames Aero. Lab., N.A.C.A. 
Dommers, Walter Alexander, B.M.E.; Test Engineer, Pratt 


& Whitney Aircraft Div., United Aircraft Corp. 

Don, Daniel, Stress Analyst, Murrow Aircraft Corp. 

Donald, Harold W., Maintenance & Service Representative, 
Link Trainers. 

Donovan, Charles Barrett, Draftsman, Douglas Aircraft Co. 

Doolittle, Sheldon Wallace, Draftsman, Douglas Aircraft Co. 

Dorris, George Cleveland, Jr., Aircraft Inspector, Boeing Air- 
craft Co. 

Dotts, Homer W., B.S. in Ac.E., Layout 
Aeroplane Div., Curtiss-Wright Corp. 

Douglas, Robert Bell, Engineer —Asst. Superintendent, Canadian 
Car and Foundry Co. Canada. 

Dowden, Edmund Van Dyke, B.S. in M.E.; Student, 
Graduate School of Business Administration. 


Engineer, Curtiss 


Harvard 


Draper, John Wellington, B.S. in Ae.E.; Jr. Aero. Engineer, 
N.A.C.A. 

Dratz, John M., B.S. in Ae.E.;° Instructor, Aeronautical Uni- 
versity. 

Drell, Harry, B.S. in M.E.; Aero. Designer, Lockheed Aircraft 
Corp. 


Drummond, William Henry Peter, B.S. in Ae.E.; Chief of Wind 
Tunnel, Univ. of Washington. 

Dublin, Michael, B.S. in Ae.E.; Junior Stress Analyst, Consoli- 
dated Aircraft Corp. 

Dudek, Oldrich, B.Ae.E.; Engineer, Republic Aviation Corp. 

Duffendack, John Clarence, Jr., B.S.E.(Aero.); Power Plant Engi- 
neer, Lockheed Aircraft Corp. 

Dunn, Orville Redmon, B.S. in Ae.E.; 
Aircraft Co. 

Dunn, Thomas Mansfield, B 
Airways. 

Durling, George Clifford, Jr.; Draftsman, Glenn L. Martin Co 

Dutton, Donnell Wayne, M.S. in Ae.E.; Asst. Prof. of Aero- 
nautics, Georgia School of Technology. 

Dvorak, Harry W., Aero. Engineer, Consolidated Aircraft Corp 

Dykes, John Christopher, M.S. in Ae.E.; Asst. to Research 
Engineer, British Airways Overseas Corp. England. 

Dysland, Lloyd Sanders, M.S.; Trainee, Lockheed Aircraft 
Corp. 

Eade, Frederick Perry, Aero. Engineering Dept., Purdue Univ 

Eames, James Owen, Instructor, Casey Jones School of Aero- 
nautics, Academy of Aeronautics. 

Earley, John C. 
Eck, Carl Fred, B.S 
craft Co. 
Edmond, Russell Bradford, S.M.; Draftsman, Pratt & Whitney 
Aircraft Div., United aaa Corp. 

Efromson, Philip Charles, B.S. in M.E.; 
plane Co. 

Egerton, Harry Stuart, Power Plant Layout Engineer, Lockheed 
Aircraft Corp. 

Egly, Arnold H., B.S. in M.E.; 
lines. 

Eichhorn, Walter, Jr., Stress Analyst, Vought-Sikorsky Aircraft 
Div., United Aircraft Corp. 

Eikenberry, Robert Shaw, M.S.E.(Aero.); Instructor in Aero 
Engineering, Univ. of Notre Dame. 

Elliott, Theodore, Proprietor, T. Elliott Spearhead Products. 

Ellis, Frampton Erroll, Jr., B.S. in Ae.E.; Instructor, Aeronauti- 
cal Univ., Inc. 

Ellis, Joseph Anthony, B.Ae.E.; Jr. Engineer, 
Corps, Materiel Div., Wright Field. 

Ely, Raymond Lloyd, B.S. in M.E.; Engineer, Grumman Air- 
craft Engineering Corp. 

Emrich, Vernon George, B.S. in Ae.E.; 
craft Co 


Aerodynamicist, Douglas 


S. in M.E.; Pan American Grace 


. in A.E.; Engineering Dept., Martin Air- 
Designer, Vega Air- 


Meteorologist, American Air- 


U.S. Army Air 


Engineer, Mercury Air- 


CORP. 
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Englund, C. Kent, Instructor, Curtiss-Wright Technical Insti- 
tute. 

Ensrud, Alf Fridtjof, M.S.; Structural Designer, Lockheed Air 
craft Corp. 

Entrikin, James Elder, B.S. in Ae.E.; 
Draftsman, General Electric Co. 

Epps, Luther Macon, Jr., B.M.E.; Apprentice Engineer, Grum- 
man Aircraft Engineering Corp. 

Epstein, Hyman Harold, B.S. in Ae.F. 

Erickson, Albert L. 

Erickson, Norvin Elwood, B.Ac.E.; 
Flight, The Mayo Clinic. 

Estabrook, George Herbert, Sr. Stress Engineer, Lockheed Air- 
craft Corp. 

Eubanks, James Thomas, C.E.: 
Aircraft Corp. 

Evans, Guy Hawkins, B.S. in Ae.E.; Engineer, Douglas Aircraft 
Co. 


Mechanical Layout 


Research in High Altitude 


Lockheed 


Trainee, 


Ewald, Clarence Francis, B.S. in C.E.; Engineer, Vega Airplane 
Company. 

Ewert, Edward C., B.S. in Ae.E.; Stress & Flight Test Engineer, 
Rearwin Aircraft & Engines, Inc. 

Fagan, Robert Havard, MS. in Ae.E.; Research Fellow, Engi- 
neering Experiment Station, Georgia School of Tech 
nology. 

Fan, H. T. 

Fancher, Walter Johnson, Jr., B.S. in M.E.; Detail Draftsman, 
Lockheed Aircraft Corp. 

Farnham, Duane Wesley, M.S. in M.E.; Field Engineer, Inter- 
national Petroleum Co., Ltd. 

Farrah, Jere Tiffin, B.S. in Ac.E.; 
Elliott, Inc. 

Farris, Thomas Cockrell, B.S. in M.E.; Sr. Layout Draftsman, 
Lockheed Aircraft Corp. 

Faulconer, Thomas P. 

Fay, Charles Lewis, B.A.E.; Asst. Aero. Engineer, Research 
Division, United Aircraft Corp. 


B.S. in M.E.; Norris & 


Fedorowski, Joseph Gabriel, B.Ae.E.; Grumman Aircraft 
Engineering Corp. 
Feine, Ernest C., Tracer, Curtiss Aeroplane Div., Curtiss- 


Wright Corp. 

Fejer, Andrew. 

Feldman, Lewis, B.S. in Ac.E.; 
ing and Research Corp. 

Fell, Louis S., Ae.E.; Loftsman Group Leader, Curtiss Acro- 
plane Div., Curtiss-Wright Corp. 

Felten, Howard Adam, B.S. in M.E.; Engineer, Drop Forgings, 
Lockheed Aircraft Corp. 

Ferguson, Lachlan Grant, Ac.E.; 
Republic Aviation Corp. 

Fieldson, George L., B.S.; Apprentice Engineer, United Air 
Lines Transport Corp. 

Finch, Richard Lee, B.S. in Ae.E.; 
Lockheed Aircraft Corp. 

Fisch, J. J.. B.S. in Ae.E.; Jr. 
Engineering Corp. 

Fischer, Harold, M.S. in Ac.E.; 
Inc. 

Fishbein, Meyer, M.E.( Acro.) ; 
craft, Inc. 

Fisher, Joe Austin, Draftsman, North American Aviation, Inc. 

Flatley, Thomas Shields, B.Ac.E.; Draftsman, Lockheed Air- 
craft Corp. 

Flax, Alexander, B Ac.E.; Structures Engineer, Curtiss Airplane 
Div., Curtiss-Wright Corp. 

Flint, Fred Herman, B.S. in Ae.E.; Engineer, Curtiss Aeroplane 
Div., Curtiss-Wright Corp. 

Floyd, J. F. Rabardy, B.S.; Aerodynamics Dept., Glenn L. Mar- 
tin Co. 

Flushman, David, B.Ac.E. 

Flynn, Patrick Thomas, B.Ac.E.; Layout Draftsman, Lockheed 
Aircraft Corp. 

Fogle, Francis W. J. 

Fogliano, Andrew Augustus, S.B.Ae.E.; 
plane Co. 

Fontenelle, Jorge Aloysio, 
Brasil S.A. Brazil. 


Design and Research, Engineer- 


Draftsman, Flight Controls 


Junior Layout Draftsman, 
Engineer, Grumman Aircraft 


Aerodynamicist, Vultee Aircraft, 


Stress Analyst, Northrop Air- 


Engineer, Vega Air- 


Apprentice Engineer, Panair do 
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Ford, James, Secretary to Director of Engineering, Curtiss- 
Wright Corp. 

Forman, Edward Seymour, Jet 
Inst. of Technology. 
Formhals, Edwin Jerome, Jr., B.S. in M.E.; Engineer, Glenn L 

Martin Co. 
Forney, Adrian Kenneth, M.S. in Ae.E.; Jr. Acro 
Aero. Engine Lab., Naval Aircraft Factory 
Forsythe, Walter William, B.S. in M.E.; Aviation Cadet, 
U.S.N.R. 


Propulsion Research, Calif 


Engineer, 


Foster, Raymond Mayo, B.S. in Ae.E.; Jr. Aero. Engineer, 
N.A.C.A. 


Fowler, Franklin Harper, Jr., B.E.; Engineer, Curtiss Propeller 
Div., Curtiss-Wright Corp. 

Fox, Reuben Brawn, B.S.; Experimental Engineer, Lycoming 
Div., Aviation Mfg. Corp. 

Foy, Egan Dudley, Jr., Engineer, Curtiss Aeroplane Div., Curtiss- 
Wright Corp. 

Francis, Harold Eugene, B.S. in M.E.; Test Engineer, Wright 
Aeronautical Corp. 

Frank, Frederick Sigmund. 

Frankel, Donald Page, B.Ac.E.; 
General Motors Corp. 
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Gurley-Gatty Drift Meter 

A simple and convenient instrument for measuring drift. It can be 
made to suit any plane construction requirements, to sight on a ground 
level point vertically beneath or on a dropped flare at a rear angle. It can 
be retractible through the ship’s hull, with fixed mounting, or sealed for 
stratosphere flying. Simple, uncorrected, lenses at low price for altitudes 
up to 10,000 feet, field of view 15 to 19 degrees. Achromatic lenses for 
higher altitudes, for ground speed, and for field of view of over 40 degrees. 
Has been used by many famous flyers, and is now standard equipment on 
miany airlines including the Atlantic and Pacific Clipper Ships. 


Gurley-P. A. A. Pelorus 
Altitude and azimuth reading instrument for either celestial or terrestrial 
observations. Rapid mount for interchangeable positions, either upright 
or inverted. 
U.S. A. Air Corps Type A-2 Pelorus 
An azimuth reading instrument useful for checking the compass course 


GURIEY 


by sighting on terrestrial or on celestial objects. 


Gurley Bearing Circle 


A simplified azimuth reading instrument for checking the compass course. 


Gurley-Gatty Gurley Pilot Balloon Theodolite 
Drift Meter, Superior optics. Tangent motion devices permit following the 


Bi most erratic balloon. Fast reading graduations always in step. Ac- 


Army Type 
Pelorus 


curate, durable, convenient. 30,000 meter runs frequently reported. 
Battery operated lighting system for night operation. 


Gurley Electronic Anemometer 

Instantaneous indicating and recording, without calibration correction, of 
wind velocities ranging from zero to 100 miles per hour is the unequaled 
performance of the Gurley Electronic Anemometer. Shows gustiness accur- 
ately. Receiver, Indicator and Recorder suitable for panel or radio rack 
mounting. Fast and slow chart speeds, interchangeable on Recorder. Mul- 
tiple indicators from one transmitter, number and distance for all practical 
purposes, unlimited. 


Gurley 
Electronic Anemometer 


Meteorological INSTRUMENTS 


Gurley Pilot Balloon Theodolite 


Gurley-P. A. A. Pelorus 


Gurley Bearing Circle 
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Wright Corp. 

Kottke, Harry Garon, B.S. in Ae.E.; Jr. Engineer, Peter Pirsch 
& Sons Co. 

Krajewske, Walter Richard, B.S. in Ae.; 
land Steel Corp. 

Kramer, Edward Henry, B.Ae.E.; 
Vibration Unit, Wright Field. 

Krause, Walter John, B.S. in Ae.E.; 
Aircraft Co. 

Kraushar, Philip George, B.S. in Ae.E.; 
T. & W.A., Inc. 

Kreidler, Frank George, B.Ae.E.; Experimental Test Engineer, 
Wright Aeronautical Corp. 

Kreisler, Sol S., M.S. in Ae.; Aerodynamicist, El Segundo Div., 
Douglas Aircraft Co. 

Krieger, Stuart A., B.S.; 
Inc. 

Kroening, George, Jr., Loftsman, 
Curtiss-Wright Corp. 

Krug, John William, B.S. in M.E.; Graduate Asst., Yale Uni- 
versity. 

Krzymowski, Walter, Layout Draftsman, Glenn L. Martin Co. 

Kueck, Herbert Frank, B.S. in M.E.; Engineering Dept., Beech 
Aircraft Corp. 

Kuhrt, Wesley A., M.S.; Test Engineer, Pratt & Whitney 
Aircraft Div., United Aircraft Corp. 

Kujawa, Leo Joseph, B.Ae.E.; Exec. Field Engineer, Parker 
Appliance Co. 

Kurzawa, Edward. 

Kutsay, Ali Umit, B.S. in M.E.; Student, Univ. of Michigan. 

Kyropoulos, Peter, M.S. in M.E.; Graduate Student, California 
Institute of Technology. 

Laitone, Edmund Victor, B.S. in M.E.; 
Ames Aero. Lab., N.A.C.A. 

Lamb, Orion C., B.S. in Ae.E.; Sr. Detailer, Structural, Lockheed 
Aircraft Corp. 

Lambert, Arthur, Jr., B.S. in Ae.E.; 
Airplane and Engine Co. 
mene. Neil, Jr., B.S.Ae.; Weight Engineer, Douglas Aircraft 

oO. 


Development Engineer, 


Curtiss Curtiss- 


Steel Inspector, In- 


Jr. Flutter & 


Engineer, 
Project Engineer, Cessna 


Flight Control Clerk, 


Stress Analyst, Northrop Aircraft, 


Curtiss Aeroplane Div., 


Jr. Aero. Engineer, 


Stress Analysis, Church 


Lampman, J. E., Draftsman, Vultee Aircraft, Inc. 

Lamson, Robert Tashian, B.S.; 2nd Lt., U.S. Army Air Corps; 
Instructor. 

Land, Norman Stafford, M.S.; Jr. Engineer, Hydrodynamics 
Division, N.A.C.A. 

Lane, Winford Josiah, B.S. in M.E.; Group Engineer, Lockheed 
Aircraft Corp. 

Langmore, Herbert Charles, Liaison Engineer, Lockheed Air- 
craft Corp. 

Langon, Roberto Mauricio, Aeronautical Engineer, Chief of 
Air Traffic & Public Services, Direction of Civil Aero- 


nautics. Uruguay. 
Larsen, Harold R., M.S.; Asst. to Chief Engineer, W. & L. E. 
Gurley. 


Larson, Lorell V. 

Lasher, Charles Wesley, B.S. in Ae.E.; Jr. Engineer, Eastern 
Air Lines. 

Laule, Gerald, Project Checker, Lockheed Aircraft Corp. 

Lawrance, Ray. England. 


a John Warren, Liaison Engineer, Consolidated Aircraft 
orp. 


Lee, Harry Park, B.Ae.E.; Stress Analyst, Beech Aircraft Corp. 


...for Protection today 
and Progress tomorrow 


Production lines that once glistened from the silver of luxuri- 
ous Lockheed transports now are long rows of camouflaged 
bombers...Men who designed and built airplanes of peace now 
are adapting them for military purposes. Yet Lockheed’s first 
objective remains the same! From the ever increasing reservoir 
of experience that is making airplanes faster...safer...and more 


maneuverable for war, will come the airliners of tomorrow 


to spread air transportation and air commerce to all nations. 


Lockheed Aircraft Corporation + Burbank, California, U.S. A. 


LOOK TO FOR LEADERSHIP 


NEW YORK CITY, 604 Chrysler Building » WASHINGTON, D. C., 3000 39th St., N.W. + CHICAGO, ILLINOIS, 135 South La Salle 
Street +» DALLAS, TEXAS, Hanger No. 4, Love Field « REPRESENTATIVES THROUGHOUT THE WORLD 
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TECHNICAL 


Lee, Kam Fong, M.A. 

Lee, Sherman Hawk, B.A. 

Lee, Tom Alfred, B.S. in M.E.; 
Aviation, Inc. 

Lehr, Robert Ralph, B.S. in Ae.E.; Jr. Engineer, N.A.C.A. 

Leich, Harvey Adam, B.Ac.E.; Jr. Engineer, Grumman Aircraft 
Engineering Corp. 

Leonard, Stephen Rose, Jr., B.Ae.E.; Machinist, Oneida, Ltd. 

Leppert, Elmer Louis, Jr., M.S.; Stress Analyst, Lockheed Air- 
craft Corp. 

Lesher, Edgar, M.S. in Ae.E.; Stress Analyst, Douglas Aircraft 
Co. 


Engineer, North American 


Leuang, William Arthur, M.Ac.E.; Stress Analyst, Glenn L 
Martin Co. 

Leutloff, Wayne E., B.S. in Ac.E.; 
nautical Co. 

Levine, Aaron, M.E.; Instructor in Mech. Engineering, Stevens 
Institute of Technology. 

Levy, Charles Nathaniel, B.S.; Stress Analyst, Timm Aircraft 
Co. 


Draftsman, Ryan Aero- 


Lewis, Bennett, Production Engineer, Welding, Lockheed Air- 
craft Corp. 

Lewis, D. 

Lewis, Robert Compton, B.S. in Gen. Engineering; 
Lockheed Aircraft Corp. 


Libby, Charles Jackson, B.S. in M.E.; 
Edo Aircraft Corp. 


Lief, Milton, B.S. in A.E.; Aeronautical Engineer, St. Louis 
Airplane Div., Curtiss-Wright Corp. 

Liepmann, Hans Peter, M.S.; Instructor in Aero. Engineering, 
University of Cincinnati. 

Light, Gordon Snavely, B.S. 
Glenn L. Martin Co. 

Lim Yuen, Andrew D. 

Lina, Lindsay John, B.S.; Jr. Aero. Engineer, N.A.C.A. 

Lindberg, John Emery, Jr., B.S. in M.E.; Junior Engineer, Pan 
American Airways. 

Lindblad, Herbert, B.Ac.E.; Structural Engineering, Brewster 
Aeronautical Corp. 

Lindquist, B. H. T., B.Aero.E.; Research Engineer, Research 
Laboratories Div., General Motors Corp. 

Lindstrom, Rodger Gordon, B.S. in Ae.; Draftsman, Glenn L. 
Martin Co. 

Linklater, George Donald, Meteorologist, Eastern Air Lines. 

Lister, Robert E., Jr., Instructor, Aviation Division, Delehanty 
Institute. 

Little, Jack Merwin. 

Lobel, Seymour Zachary, Acro. Engineer, Brewster Aeronautical 
Corp. 

Locke, Frederick William Sullivan, Jr., M.E.; Research As- 
sistant, Experimental Towing Tank, Stevens Inst. of 
Technology. 

Locke, Loy Hepp, B.S. in Ae.E. 

Logan, Daniel Andrew, B.S.; Acro. Engineer. 

Logan, John MacGregor, B.S.; Sales Engineer, Lord Mfg. Co. 

Lohr, Carl T., Student, Purdue Univ. 

Longden, John Leslie, B.A; 
England. 

Longfelder, Harlowe Julius, B.S. in Ac.E.; Wind Tunnel Asst., 
Aero. Dept., Calif. Inst. of Technology. 

Lord, Richard Marvin, Jr., Draftsman, Bendix, Ltd. 

Lothrop, William G., B.S. in Ac.E.; Engineer, Boeing Aircraft 
*o. 


Student, 


Weight Control Engineer, 


in A.E.; Layout Draftsman, 


Flying Officer, R.A.F.V.R 


Louie, James, Student, Univ. of Washington. 

Lovett, Benjamin Barnes Compton, M.S.; 
Lt. Comdr., U.S. Navy. 

Lowry, Lewis Edward, Jr., Photographic Engineer, North Ameri- 
can Aviation, Inc. 

Lu, Hoshen, M.S. in Ae.E.; 
nesota. 


Naval Aviator; 


Research Fellow, Univ. of Min- 


Luck, Goodwin Roy, B.Ac.E.; 2nd Lt., U.S.M.C. Res. 
Luethi, Carl Francis, B.S. in C.E.; Captain, Northwest Air- 
lines, Inc. 


MEMBERS 31 


Lundgren, Arthur Stanley, A.A.; Liaison Engineer, Douglas 
Aircraft Co. 

Luskin, Harold, Aero. Engineer, Douglas Aircraft Co 

Lusty, Cameron Nathaniel, B.Ac.E.; Stress Analyst, Taylor- 
craft Aviation Corp. 

Luttrell, John Calhoun, B.Ac.E.; Asst. Project Engineer, Ameri 
can Airlines, Inc. 

Lutz, Robert J., S.B. in Ae.E.; 
Aircraft Corp. 

Lynahan, Paul William, B.Ac.E.; 

Lynt, Herbert Earl, Aircraft Instructor, Stewart Technical School 

Lyons, Bernard, B.Ae.E.; Jr. Meteorologist, American Air 
lines, Inc. 

Macdonald, Desmond Fraser, Student Pilot, Royal Canadian 
Air Force. Canada. 

MacDonough, Edward Paul, B.S. in M.E.; Engineer, Vought 
Sikorsky Aircraft, United Aircraft Corp. 


Design Engineer, Consolidated 


Draftsman, Fleetwings, Inc 


MacDougall, George Fulton, Jr., B.S. in Ac.E.; Jr. Aero 
Engineer, Langley Memorial Aero. Lab., N.A.C.A 

Machin, Charles Alfred Irvine, B.S. in Ae.E. 

Mah, Ying Quock. 

Mahoff, Andrew Alexander, B.S. in E.; Graduate Asst., Acro. 


Dept., Georgia School of Technology. 

Maitan, Joseph John, Controller, Institute of the Aeronautical 
Sciences. 

Malina, Frank Joseph, Ph.D. in Ae.E.; 
Aero., Calif. Inst. of Tech. 

Malkiewicz, Wladyslaw F., B.Ac.E.; 
Aeronautical Corp. 

Maloney, Joseph Francis, B.S. in M.E.; Acro. Engineer, Glenn 
L. Martin Co. 

Mannick, Philip Reynold, B.S. in Ac.E.; 
Vultee Aircraft, Inc. 

Marble, Frank Earl, B.S.; Research Asst., Case School of Ap- 
plied Science. 

March, Paul Herriott, Boeing Aircraft Co. 

Marchi, Bruno P., B.S. in Ae. 

Marcus, Woodrow Carl, B.S. in Ac.E.; 
Aeronautical Corp. 

Markle, Edwin Gillian, Eng. Design, Douglas Aircraft Co. 

Marozick, R. B., B.S.M.E.; Jr. Aero. Engineer, U.S. Army Air 
Corps Materiel Div., Wright Field. 

Marsh, Herbert, Supt. of Tech. Instruction, Boeing School of 
Aeronautics. 

Martin, Harry E. 

Martin, Max Wilbur, B.S.Ae.; Detailer, Production Engineering 
Dept., Consolidated Aircraft Corp. 

Martin, Thomas Jilson, B.S. in E.E.; Design Engineer, Lock- 
heed Aircraft Corp. 

Mason, Walter Elvin, B.S.M.E.; 2nd Licut., Engineer Reserve 
Corps. U.S.A.; Experimental Engine Tester, Wright 
Aeronautical Corp. ° 

Mastrocola, N. 

Mathews, Charles Edward, Vice-Pres. in Charge Operations and 


Research Fellow in 


Stress Analyst, Brewster 


Structural Layout, 


Jr. 


Engineer, Wright 


Maintenance, Transportes Acreos Centro Americanos, 
S. A. Honduras. 
Mattila, Arthur John, B.S. in Mining; Layout Draftsman, 


Boeing Aircraft Co. 

Maxam, Frederick Austin, B.S. in Ac.E.; Acrodynamicist, 
Curtiss Aeroplane Div., Curtiss-Wright Corp 

May, Thomas John, B.S. in M.E.; 
craft, Inc. 

Mayerson, Chester Donald, B.Ac.E.; 
Aeronautical Corp. 

McBride, James Wallace, S.M. in Ac.E.; 
Mass. Institute of Technology. 

McCarthy, John Reginald, B.Ae.E.; Ensign, U.S.N.R 

McCauley, James Wilson, B.S.Ac.; Jr. Acro. Engineer, U.S 
Army Air Corps. 

McCormick, Allen Henry, B.S.M.E.; Experimental Assembly, 
Pratt & Whitney Aircraft Div., United Aircraft Corp 

McCreary, Raymond Arthur, B.S.(Acro.*: Lockheed 
Aircraft Corp. 

McCulloch, Alexander James, B.S. in Ac. 
Aircraft Co., Ltd. 

McCullough, George Burns, M.E.; Grad. Student, Stanford 
Univ. 


Stress Engineer, Vultee Air 
Stress Analyst, Brewster 


Aero. Research, 


Trainee, 


Draftsman, Fleet 


Defense on the Wing! 


At the Martin plants we are given the privilege 


of concentrating everything on three types— 


three great ships—being produced in formidable 
numbers: The U. S. Army’s new medium B-26 
(shown above), a noteworthy attack bomber for 
Britain and the great PBM Patrol Bomber for the 
U. S. Navy. We at Martin’s are proud of the re- 


sponsibility of building these great ships in ever 


mounting numbers. Defense is on the wing! 


THE GLENN L. MARTIN COMPANY, BALTIMORE, MARYLAND, U. S. A. 


Builders of Dependable 


TRADE 


Aircraft Since 1909 
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TECANiCAL 


Lockheed Aircraft 


Student, 


McCurdy, John Dwight, E.E.; 
Corp. 

McElroy, John Edward, B.S. in Ae.E.; Field Engineer, Wright 
Aeronautical Corp. 

McFadden, William Clyde, B.S. in Ae.E.; 
Aircraft Corp. 

McGinnis, William Leon, B.S. in Ae.E.; Auto. Engineer, Ford 
Motor Co. of Canada, Ltd. 

McInerney, Richard Leo, B.S. in E.E.; Student, Lockheed Air- 
craft Corp. 

McKee, John William, B.S. in M.E.; Stress Engineer, Curtiss- 
Wright Corp. 

McKenzie, Robert Condon, B.Ac.E.; 
Aircraft of Canada Ltd. 
McLane, Philip William, B.S.E.(Aero.); 

Aircraft Corporation. 
McLarty, Jack Lowrie, Engineer, Fleet Aircraft Co. 
McLellan, Charles Herbert, B.Ae.E.; Jr. Engineer, N.A.C.A. 
McMahon, George Albert. 
Mead, Bruce Sloat, B.Ac.E.; 
System. 
Meany, Robert Cooper, Flight Instructor, Oakland Flying 
Service. 
Mechling, Wallace Bristol, M.S. in Ae.E.; Naval Aviator, U.S.N. 
Medow, Jules, B.S. in M.E.; Liaison Engineer, Vega Airplane 
Co. 


Student, Lockheed 


Draftsman, de Havilland 


Engineer, Lockheed 


Co-Pilot, Pan American Airways 


Meins, Wallace William, B.S. in Ae.E.; Draftsman, Lockheed 
Aircraft Corp. 

Meirs, John, C.E.; 
neering Corp. 

Meiselman, Sanford, B.Ae.E.; Jr. Aero. Engineer, U.S. Army 
Corps, Materiel Div., Wright Field. 

Mellinger, George Roland, M.S. in Ae.E.; 
North American Aviation, Inc. 

Mendoza, E. T. 

Mercer, Charles Rupert, Engineer, Lockheed Aircraft Corp. 

Merkel, Stuart, B.Ae.E.; Structural Design Engineer, Brewster 
Aeronautical Corp. 

Merrill, William Wooster, Jr., B.S. in Ae.E.; Sr. Detail Drafts- 
man, Lockheed Aircraft Corp. 

Messinger, Bernard L., B.S. in M.E.; Mech. Research Engi- 
neer, Lockheed Aircraft Corp. 


Stress Analyst, Grumman Aircraft Engi- 


Aerodynamicist, 


Metsger, Alfred Bowne, M.S. in Ae.E.; Lieut., U.S. Navy, 
Bureau of Aeronautics, Navy Dept. 
Meyer, William Francis, B.Ae.E.; Stress Analyst, Curtiss 


Propeller Div., Curtiss-Wright Corp. 

Michal, Leonard Mitrofan, M.Ae.E.; Aero. Engr., St. Louis 
Airplane Div., Curtiss-Wright Corp. 

Michel, Philip Lincoln, M.Ae.E.; Engineer, Brewster Aero- 
nautical Corp. 

Mihailoff, Nicholas Vladimir, M.S. in Ae.E.; 
Pan American Airways System. 
Miller, Edwin Frank, B.M.E.; Automotive Engineer, Socony- 

Vacuum Oil Co. 
Miller, Eugene Phillip, Draftsman, Vultee Aircraft, Inc. 
Miller, Kenneth Reagle, Engineer, Bell Aircraft Corp. 


Junior Engineer 


Miller, Keva Herschel Leon, B.Ae.E.; Flying Cadet, U.S 
Army Air Corps. 

Miller, Robert Mitchell, B.S. 

Milmoe, Robert, E.E.; Industrial Eng., Lockheed Aircraft 
Corp. 

Miner, Milton Albert, M.E. Test Engineer, Douglas Aircraft 
Co. 

Mitchell, Albert Edgar, Acro. & Flight Engineer, Cape Aircraft, 
Inc. 


Mitchell, Bruce, B.S. in Ae.E.; Test Engineer, Consolidated 
Aircraft Corp. 


Mociun, A. Thaddeus, Engineer, North American Aviation, 


Inc. 
Mock, Elliot V., B.S. in M.E.; Design Enginer, Vultee Air- 
craft, Inc. 


Molloy, Richard Clair, S.B. in Ae.E.; Aero. Engineer, Research 
Div., United Aircraft Corp. 


MEMBERS 32 


Molson, Kenneth Meredith, Inspector, National Steel Car Co. 

Monaco, Anthony Phillip, M.Ae.E.; Aero. Engineer, Columbia 
Aircraft Corp. 

Montgomery, Jack Leonard, B.S. in Min. Eng.; Student, Lock- 
heed Aircraft Corp. 

Montieth, Oscar Voorhees, B.S. in E.E.; 
Allison Div., General Motors Corp. 

Montoney, Richard Lewis, B.S. in Ae.E.; 
Aircraft Corp. 

Moody, James Rowland, Jr., B.Ae.E.; Aviation Cadet, U.S.N.R. 

Moore, Charles Kenneth, M.S. in Ae.E.; Capt., U. S. Army Air 
Corps; Director, Structures Unit, Materiel Division. 

Moore, Ernest Lewis, B.S. in Ac.E. 

Moore, Morton Estes, M.S. in E.E.; 
craft Co. 

Moore, Richard Ernest, Layout Engineer, Glenn L. Martin Co. 

Moore, Robert Loren, B.S. in Ae.E.; Sr. Draftsman, Lockheed 
Aircraft Corp. 


Design Engineer, 


Engineer, Lockheed 


Engineer, Douglas Air- 


Moore, William Hampton, B.S.; Project Engineer, Ranger 
Aircraft Engines Div., Fairchild Engine and Airplane 
Co. 


Morris, Charles William, B.S. in M.E.; Supercharger Engineer, 
General Electric Co. 

Morris, John Kidd, B.S. in Ae.E.; 
Tool Works, Inc. 

Morrison, Robert Crawshaw, Acro. Engineer, North American 
Aviation, Inc. 

Mosehauer, Edward, B.Ae.E.; Designer, Hamilton Standard 

Propellers, United Aircraft Corp. 

Stanley, Ae.E.; Junior Engineer, 

American Airways System. 

Moyers, Frank Neff, M.S. in Ae.E.; 
Corps. 

Mueller, Robert Karl, Sc.D.; Test Engineer, Hamilton Standard 
Propellers, United Aircraft Corp. 

Murgittroyd, Milburn William, Chief Receiving Clerk, Boeing 
Aircraft Co. 
Murphy, Edward William, B.S. in Ae.E.; Maintenance Engineer, 
Transportes Aereos Centro Americanos. Honduras. 
Murray, James Lore, B.S. in Ae.; 2nd Lt., U.S. Army Air Corps. 
Murrow, Richard Barzen, M.S.(Ae.E.); Aerodynamics Dept., 
Douglas Aircraft Co. 

Myers, Richard H., B.Ae.E.; Draftsman, Stewart-Rogers, Inc. 

Nardo, Sebastian Vincent, B.M.E.; Graduate Fellow, Poly- 
technic Institute of Brooklyn. 

Neighbours, James W., BS. in M.E.; 
Technology. 

Nelson, Vernon W. 

Nesbitt, Lyman M., B.A.S.; Junior Engineer, Aero. Engineering 
Div., Dept. of Transport. Canada. 

Newberger, Eli Saul, B.Ac.E.; 
Aircraft Corp. 

Newsom, Gail Stuart, B.S. in Ae.E.; 
Lockheed Aircraft Corp. 

Ngai, Hung-ki, China. 

Nicas, John Andrew, Checker, Noorduyn Aviation, Ltd. 
ada. 

Nichols, Harry Alfred, Jr.. M.A.; Design Engineer, El Segundo 
Div., Douglas Aircraft Co. 

Nickle, Ferril Rufus, B.S. in C.E.; Asst. Aero. Engineer, N.A.- 
CA. 


Engineer, Pacific Gear & 


Moy, Pacific Div., Pan 


Captain, U.S. Army Air 


Student, Mass. Inst. of 


Structures Engineer, Howard 


Sr. Detail Draftsman, 


Can- 


Nishikawa, Mitsugi, B.S. in M.E.; 
Aircraft Co. Japan. 


Nissen, James Magnus, B.S. in M.E.; Flight Engineer, N.A.- 


Asst. Engineer, Nakajima 


Nojima, Noble Masaaki, M.S. in Ae. 

Nordlinger, Samuel Gerson, M.S. in M.E.; Chief Test Engineer, 
Detroit Div., Continental Motors Corp. 

Norin, Lowell Wallin, Student, Lockheed Aircraft Corp. 

Norris, Alexander Richner, M.S. in Ae.; Jr. Engineer, Aircraft 
Screw Products Co. 

Norris, Virgil Jacob, Lead Man, Engineering Dept., Curtiss 
Aeroplane Div., Curtiss-Wright Corp. 

North, Vincent Williams, B.S. in Ae.E.; 
U.S. Army Air Corps. 


Aero. Engineer, 


Jr. 
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IN THEIR ENDORSEMENT 
OF 


AVKMA-AVFFMANN 
PRECISIVN BEARINGS 


"WHERE THE BEARINGS MUST NOT FAIL" 


NORMA-HOFFMANN BEARINGS CORP'N. 


STAMFORD, CONN., U.S. A. 
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AKRON AIRCRAFT, INC. 
BEECH AIRCRAFT CO. 
BELL AIRCRAFT CORP. 
BOEING AIRCRAFT CO. 
BREWSTER AERO- 
NAUTICAL CORP. 
CONSOLIDATED AIR- 
CRAFT CORP. 
CURTISS AEROPLANE DiV., 
CURTISS-WRIGHT CORP. 
DOUGLAS AIRCRAFT CO., 
SANTA MONICA AND 
EL SEGUNDO DIVS. 
FAIRCHILDAIRCRAFTDIV. 
OF FAIRCHILD ENGINE 
& AIRPLANE CORP'N. 
GLENN L. MARTIN CO. 
GRUMMAN AIRCRAFT 
CORP. 
HARLOW AIRCRAFT CO. 
HOWARD AIRCRAFT CO. 


LOCKHEED AIRCRAFT 
CORP. 
MONOCOUPE CORP. 
NORTH AMERICAN 
AVIATION, INC, 
NORTHROP AIRCRAFT, INC. 
PHILLIPS AVIATION CO. 
RYAN AERONAUTICAL CO. 
ST. LOUIS AIRCRAFT CORP. 
SPARTAN AIRCRAFT CO. 
STEARMAN AIRCRAFT CO. 
STINSON AIRCRAFT.CORP., 
DIV. AVIATION MFG. 
CORP. 
TIMM AIRCRAFT CO. 
VEGA AIRPLANE CO. 
VOUGHT-SIKORSKY 
AIRCRAFT, DIV. -OF 
UNITED AIRCRAFT CORP. 
VULTEE AIRCRAFT, DIV. 
AVIATION MFG. CORP. 
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TECHNICAL 


Nowlan, Frederick Stanley, Jr., B.S. in Ae.E.; Instructor, Air 
Navigation School, R.C.A.F. Canada. 

Nye, Willis Larabee, Service Engineer, Vega Airplane Co. 

Nylin, meen Ernest, B.S. in M.E.; Engineer, Lockheed Aircraft 

orp. 

Nystrom, Herbert Charles, B.S. in Ae.E.; Sr. Layout Drafts- 
man, Lockheed Aircraft Corp. 

O’Connor, Edward, B.S.M.E.; Stress Analyst, Vultee Aircraft, 
Inc. 
O’Connor, John Brown, B.S. in C.E.; Sales Engineer, Shakeproof 
Lock Washer Co. 
Olesen, Thomas J., Weights; 
United Aircraft Corp. 

Olsen, Oscar Fredrick, M.Ae.E.,; Electrical Engineer, Grum- 
man Aircraft Engineering Corp. 

Olson, omg Adolph, B.S. in C.E.; Student, Lockheed Aircraft 

orp. 

Olson, Stanley Conrad, B.S. in Ae.E.; Stress Analyst, Curtiss 
Aeroplane Div., Curtiss-Wright Corp. 

Olsson, Thomas, Draftsman, Harlow Aircraft Co. 

O’Neal, William Brechner, B.S. in M.E.; Flight Test Engineer, 
Glenn L. Martin Co. 

Osterhout, Clayton Jack, B.S. in Ae.E.; Jr. Aero. Engineer, 
N.A.C.A. 


Vought-Sikorsky Aircraft Div., 


—. Max T., B.S. in Ae.E.; Research, Lockheed Aircraft 

orp. 

Otis, Arthur Sinton, Ph.D.; Technical Consultant, World Book 
Co.; Aviation Writer. (See A.M. of S.) 

Otsuki, Yukio, M.S.A.E.; Ordnance Commander, 
Japanese Navy. Japan. 

Oversvee, Rolf George, B.Ae.E.; Draftsman, Boeing Airplane 


Imperial 


Owen, Robert Edgar, B.S.; Stress Analyst, St. Louis Airplane 
Div., Curtiss-Wright Corp. 

Pagon, Garrett Dunn, A.B.; Stress Analyst, Edward G. Budd 
Manufacturing Co. 

Paine, Arthur, B.Ae.E.; Naval Aircraft Factory. 

Paine, Joseph Partridge, S.B. in Ae.E.; Stress Analyst, Glenn 
L. Martin Co. 

Palmer, Albert Eugene, B.S. in A.E.; Stress Analyst, Vultee 
Aircraft Div., Aviation Mfg. Corp. 

Palmer, Frederick Weston, B.S. in Ae.E.; 
Douglas Aircraft Co. 

Papazian, L. F., Instructor, Casey Jones School of Aeronautics. 

Parish, Elliott Walter, Jr., M.S. in Ae.E.; Lt., Naval Aviator, 
U.S. Navy. 

Park, Virgil Jack, Jr., B.S. in Ae.E.; 
nautical Co. 

Parker, Kermit Harold, Instructor, Sacramento Junior College. 

Parker, Kingsbury Eastman, Jr., 2nd Lt., A.C.Res., U.S. Army, 
France Field. Canal Zone. 

Parker, Willard Wood, B.Ae.E.; Curtiss Propeller Div., Curtiss- 
Wright Corp. 

Parker, William F., B.S. in Ae.E.; Stress Analyst, Vultee Air- 
craft, Inc. 

Parsons, John Frederick, M.E. in Ae.; Aero. Engineer, N.A.C.A. 

Parsons, John Whiteside, Research Asst., Calif. Inst. of Tech- 
nology. 

Partisano, Carmelo S., B.Ae.E.; Engineer, Philadelphia Naval 
Aircraft Factory. 

Pass, Herbert Ralph, B.A.E.; Junior Aeronautical Engineer, 
N.A.C.A. 


Aero. Engineer, 


Engineer, Ryan Aero- 


Patton, Harold H., B.S. in M.E.; Stress Analyst, Glenn L. Mar- 
tin Co. 

Paul, Robert H. 

Paulsrud, Leonard Harris, Ae.E.; 
Aircraft Engineering Corp. 

Pavelka, Jerry, B.S. in Ae.E.; Aerodynamics & Flight Testing, 
Republic Aviation Corp. 

Pearsall, David Williams, B.M.E.; Jr. Engineer, Wright Field. 

Pease, Charles Dan, Radio Operator, United Air Lines Trans- 
port Corp. 

Pech, Karl Heinz Franz Anton, B.Ae.; Design, Vought-Sikorsky 
Aircraft Div., United Aircraft Corp. 

Pengelley, Charles Desmond, M.S.; Aerodynamicist, St. Louis 
Airplane Div., Curtiss-Wright Corp. 


Stress Analyst, Grumman 


MEMBERS 33 


Pennoni, Richard James, B.S. in Ae.E.; Stress Engineer, Lock- 
heed Aircraft Corp. 

Penry, Charles Ward, B.Ae ; 
School of Aeronautics. 

Pepper, Edward, B.S. in M.E.; Jr. Aero. Engineer, N.A.C.A. 

Perry, Albert J., Jr. Draftsman, Glenn L. Martin Co. 

Perry, Millard F. 

Pesek, Wilbert George, B.S. in A.E.; 
solidated Aircraft Corp. 

Peters, Elwyn Harvey, Draftsman, Curtiss Aeroplane Div., 
Curtiss-Wright Corp. 


Chief Instructor, Whitehaven 


Inspection Dept., Con- 


Peterson, Eric Arthur, B.T.C.; Student, Lockheed Aircraft 
Corp. 

Peterson, Paul Gilbert, B.S. in C.E.; Student, Lockheed Air- 
craft Corp. 


Peterson, Thoburn Findley, B.S. in Ae.E.; Faculty, Dept. of 
Aero. Engineering, Tri-State College. 

Pfister, Anthony Charles, B.M.E.; Technical Staff, Bell Tele- 
phone Laboratories, Inc. 

Philipp, Paul Alois, Draftsman, Lockheed Aircraft Corp. 

Phillips, Frederick Clayton, B.Ae.E.; Aero. Engineer, Glenn L. 
Martin Co. 

Phinizy, William Harison, B.S.; 
Corp. 

Pianowski, Leon Joseph, B.S. in Ae.E.; Engineer, Udylite Corp. 

Piasecki, Frank Nicholas, B.Ae.E.; Detail Designer, Platt- 
LePage Aircraft Co. 

Picken, Harry Belfrage, B.S. in Ae.E.; Design, White Canadian 
Aircraft. 

Pickett, Robert David, S.B. in Ae.E.; Sr. Detail Draftsman, Lock- 
heed Aircraft Corp. 

Pipitone, Samuel Joseph, B.S. in Ae.E.; Aero. Engineer, Glenn 
L. Martin Co. 

Pitkin, Marvin B. 

Pitman, Wayland Andrew, B.S. in Ae.E.; 
Monocoupe Aeroplane & Engine Corp. 

Pitt, William Granger, B.S. in G.E.; Student, Lockheed Air- 
craft Corp. 

Pitts, Robert Giles, M.S.; Prof. Aero. Engineering, Alabama 
Polytechnic Institute. 

Platt, Fletcher Nicholson, B.S. in Ae.E.; 
Fleetwings, Inc. 

Plummer, Robert Stanley, Vice-Pres., Batwing Corp. 

Poirier, Louis A. 

Polowniak, Emil Andrew, Draftsman, Glenn L. Martin Co. 

Poon, Yuk-Pui, S.B. in Ae.E.; Design Engineer, China Aircraft 
Mfg. Factory, China. 

Poorman, George Elimaker, B.S. in M.E.; Drafting Engineer, 
Curtiss Aeroplane Div., Curtiss-Wright Corp. 

Pope, Alan Yates, M. S. in Ae.E.; Asst. Prof. Aeronautics, 
Georgia School of Technology. 

Pope, Douglas Harry, Design Engineer, Power Plants, North 
American Aviation, Inc. 

Porowski, Casimer, B.S. in Ae.E.; Mechanic, Glenn L. Martin 

Potts, Charles Harrison, B.S. in Ae.E. 

Powell, Walter Brown, M.S. in Ae.E.; Aerodynamics, Douglas 
Aircraft Co. 

Power, James Thomas, B.S. in Ae.E.; Draftsman, Lockheed 
Aircraft Corp. 

Powers, Paul Joseph, Jr., B.Ae.E.; Research Engineer, Scintilla 
Magneto Div., Bendix Aviation Corp. 

Powers, Joseph William, Student, Mech. Engineering, Univ. 
Southern California. 

Prahin, Edward Joseph, B.S. in C.E.; Sr. Layout Draftsman, 
Structures, Lockheed Aircraft Corp. 

Pratt, Edward Andrew, B.S.Ae.E.; Student Engineer, Pratt 
and Whitney Aircraft Div., United Aircraft Corp. 
Prentice, Bruce Robinson, B.S. in E.E.; Aero. & Marine Engi- 

neering Dept., General Electric Co. 
Prentiss, Vernon, B.S. in M.E.; 2nd Lt., U.S. Army Air Corps. 
Preston, George Merritt, B.Ac.E.; Jr. Aero. Engineer, N.A.C.A 


Price, Robert Allen, Layout Draftsman, Platt-LePage Aircraft 
Co. 


Engineer, Lockheed Aircraft 


Aero. Engineer, 


Structural Engineer, 


Price, William Garfield, B.S. in Ae.E.; Engineer, Bendix Prod 


ucts Div., Bendix Aviation Corp. 
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TYPICAL CONTRIBUTIONS NORTHWEST AIRLINES 


to the progress of a great industry © 


INDIVIDUAL 
OXYGEN FLOW 


The light, comfortable oxygen 
mask and individual control sys- 
tem developed by Drs. Lovelace 
and Boothby of the Mayo Clinic 
was brought to perfection with 
the help of Northwest Airlines 
engineers. Now standard equip- 
ment on all Northwest Airlines’ 
Douglas Ships, the system has 
been adopted by the U. S. Army 
and by other airlines because it 
makes flying at high altitudes 
more efficient, safe, comfortable. 


SUPERCHARGED 
IGNITION HARNESS 


Prevention of contamination of 
the ignition system by harmful 
gases, fluids, acids or vapors is ac- 
complished by the supercharged 
harness developed by Carl E. 
Swanson, electrical engineer for 
Northwest’ Airlines. Exhaustive 
tests have shown that failures due 
to these causes are completely 
eliminated, reducing ignition 
trouble from all causes to practi- 
cally nothing. This outstanding 
contribution to safe operation is 
available to the entire industry. 


OVANCOUVER 
~ N WENATCHEE 


AIRLINES 


THE SHORT FAST ROUTE—CHICAGO TO THE PACIFIC NORTHWEST 


% 
ST. 


WRITE AIR MAIL ROCHESTER > 
SHIP AIR EXPRESS 


MILES 


WINNIPEG 

PORTLAND 

BUFFALO 

¢ 

WASHING 

TON 

ag 


Prince, William, Flying Cadet, U. S. Army Air Corps. 

Probst, Joseph, B.S. in A.E.; Draftsman, Grumman Aircraft 
Engineering Corporation. 

Propper, Edward Michael, M.S. in Ac.E.; Stress Analyst, Con 
solidated Aircraft Corp. 

Prusas, Victor Joseph, B.S.; Stress Analyst, North American 
Aviation, Inc. 

Puck, Richard Fosmark, B.S. in M.E.; Cost Engineer, Vultee 
Aircraft, Inc. 

Puckett, Allen Emerson, B.S. in M.E.; Asst. in Applied Me- 
chanics, Harvard Univ. 

Purser, Paul Emil, B.S. in Ae.E.; Jr. Aero. Engineer, N.A.C.A. 

Pusin, Herman, M.S. in Ae.E.; Stress Group Engineer, Glenn L. 
Martin Co. 

Putt, Donald Leander, M.S. in A.E.; Capt., Air Corps, U. S. 
Army; Tech. Staff, Experimental Engineering Section, 
Materiel Div., Wright Field. 

Putt, Gladyn Hollis, B.S.; Draftsman, Douglas Aircraft Co. 

Pyle, Raymond Weiss, B.S. in M.E.; Engineer, Ryan Aero- 
nautical Co. 

Quady, John Carl, S.B.; Jr. Stress Analyst, Glenn L. Martin 
Co. 


Quate, Boyd Edwin, Meteorologist, Pan American-Grace Air- 
ways, Ine. Chile. 

Rafferty, Christopher Alois, B.S. in Ae.E.; Project Engineer, 
Pioneer Instrument Div., Bendix Aviation Corp. 

Rambaldini, Frank, B.S. in Ae.E.; Stress Analyst, Ryan Aero- 
nautical Co. 

Ramke, William George, B.S. in Ae.E.; Materiel Div., U.S. 
Army Air Corps. 

Rasmuff, Abner. 

Rasmussen, Borge Anders, B.S. in Ae.E.; Liaison Engineer, El 
Segundo Div., Douglas Aircraft Co. 

Raven, Julius Arthur, B.Ae.E.; Ensign, U.S.N.R., Asst. Struc- 
tures Officer, Patrol Squadron 41. 

Reed, Norman Wesley, B.S.E.; Aero. Engineer, Vultee Aircraft, 
Inc. 


Reeder, John Paul, B.S. in A.E.; Asst. Aero, Engineer, N.A.C.A. 

Resan, Stephen Francis, M.S.; Student, Lockheed Aircraft 
Corp. 

Rethorst, Scott Carson, S.B. in Chem. Eng.; Process Engineer, 
Vultee Aircraft, Inc. 

Reynolds, Blake, M.S.; Test Engineer, Lawrance Engineering 
& Research Corp. 

Reynolds, William Chesley, B.Ae.E.; Stress Analyst, El Se- 
gundo Div., Douglas Aircraft Co. 

Rhoads, Waldon Rice, B.A.; Design Engineer, St. Louis Air- 
plane Div., Curtiss-Wright Corp. 

Rialson, Donald Ellsworth, B.Ae.E.; Stress Engineer, Lockheed 
Aircraft Corp. 

Rich, Jack Victor, Weight Engineer, Douglas Aircraft Co. 

Richardson, Charles Lambert, B.S. in Ae.E.; Instructor in Aero. 
Engineering, Boston University and The New England 
Aircraft School. 

Richardson, David Allen, B.S. in Ae.E.; Engineer, Curtiss Pro- 
peller Div., Curtiss-Wright Corp. 

Richter, Robert Frederick, B.Ae.E. 

Rightmire, Brandon Garner, M.A.; Instructor in Mech. Engi- 
neering, Mass. Inst. of Technology. 

Rios, Robert, A.A.Ae.Eng.; Technical Writer, Liaison Engineer, 
North American Aviation, Inc. 

Ris, Charles Harrington, Jr., B.S. in Ae.E.; Stress Analyst, 
Glenn L. Martin Co. 

Ritchie, Perry J., B.Ae.E.; Jr. Aero. Engineer, U.S. Army Air 
Corps. ‘ 

Ritter, Arthur, B.Ae.E.; Engineer, Aircraft Research Corp. 

Rittweger, John Daniel, Draftsman, Vega Airplane Co. 

Roach, Jere Henry, B.S. in M.E.; Engineering Dept., Bury 
Compressor Co. 

Roark, Robert Logan, B.S. in M.E.(Aero.); St. Louis Airplane 
Div., Curtiss-Wright Corp. 

Roberts, Paul C., B.S. in M.E.; Tool Design, Vega Airplane Co. 

Roberts, Wilbur Edison, B.S. in Aero.E.; Ensign, U.S. N. R.; 
Naval Aviator. 
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Robertson, Donald Ross, B.S. in M.E.; Test Engineer, Sperry 
Gyroscope Co. 

Robinson, Joseph Irwin, B.S. in Ae.E.; Aero. Engineer, Bell 
Aircraft Corp. 

Robischon, Ernest William, Acro. Librarian, Guggenheim Aero. 
Lab., Calif. Inst. Tech. 

Rocco, Angelo M. 

Rodee, Walter Fred, M.S. in Ae.E.; Naval Aviator; Lt. Comdr., 
U.S. Navy. 

Rogers, John, Director, Rising Sun School of Aeronautics 

Rosacker, Fred C., B.S. in Ae.; Group Leader, Ryan Aero- 
nautical Co. 

Rosan, Howard Jouard, B.Ae.E.; Draftsman, Brewster Aero. 
Corp. 

Rosen, Dexter, B.S.Ae.E.; Aerodynamicist, Vega Airplane Co. 

Rosen, George, B.S. in Ae.E.; Research Engineer, Hamilton 
Standard Propellers, United Aircraft Corp. 

Rosenbaum, Mortimer, S.B. in Ae.E.; Major Layout Drafts- 
man, Consolidated Aircraft Corp. 

Rosenberg, Joe, Jr., B.F. Engineer-Salesman, United Textile Co. 

Rosenkranz, Calman, B.Ae.E.; Aero. Engineer, Republic Avia- 
tion Corp 

Rosner, Robert E. 

Ross, LT Alured, A.B.; Technical Asst., Safety Bureau, 


Ross, James John, B.S. in Ae.E.; Instructor in Aero. Engineer- 
ing, Indiana Technical College. 

Ross, Roland Albert, B.Ae.E. 

Rossman, Carl A., B.S. in M.E.; Jr. Aero. Engineer, Langley 
Memorial Aero. Lab., N.A.C.A. 

Rossow, Everett Wilbur. B.S. in Physics; Student, Lockheed 
Aircraft Corp. 

Rosstead, Oliver Bernard, Jr., B.S.Ae.; Inspector, Curtiss Pro- 
peller Div., Curtiss-Wright Corp. 

Rotelli, Ranieri Leroy, B.S. in Ae.E.; Aero. Engineer, Stearman 
Aircraft Div., Boeing Airplane Co. 

Roth, John Frederick, Coordinator, Military Div., Curtiss-Wright 
Tech. Inst. 

Rubin, Arnold Ernest, B.S. in A.E.; Stress Analyst, Lockheed 
Aircraft Corp. 

Ruhe, Richard Karl, B.Ae.E.; Glenn L. Martin Co. 

Rumph, Lewis Benning, Jr., M.S. in Ae.E.; Chief Aerody- 
namicist, St. Louis Airplane Div., Curtiss-Wright Corp. 

Rush, Herman Stanton, Jr., B.S. in M.E.; Flying Cadet, U.S. 
Army Air Corps. 

Russell, Edward Stuart, B.S.M.E.; Student, Lockheed Aircraft 
Corp. 

Russell, Howard, B.Ae.E.; Aero. Engineer, Vultee Aircraft, 
Inc. 

Russell, John Henry, B.S. in Ae.E.; Wind Tunnel Model De- 
sign & Testing, Boeing Aircraft Co. 

Ruszaj, Norbert Francis, M.S. in Ae.E.; Instructor in Acro. 
Engineering, Univ. of Minnesota 

Rutkoskie, Gerald Vincent, Engineer, Douglas Aircraft Co. 

Rychetsky, Rudolf Arthur, Draftsman, Glenn L. Martin Co 

Ryder, Edward Irwin, M.S. in Ae.E.; Engineer, Aircraft Air- 
worthiness Section, C.A.A. 

Safford, Walter Welsch, B.S. in Ae.E.; Industrial Engineer, 
Vega Airplane Co. 

Sager, John Parke, M.S.E. in Ae.S.; Lt.(jg), U.S. N. R. 

Sailer, Ernest Rudolf, Stress Analyst, Lockheed Aircraft Corp. 

Saks, Robert, B.S. in Ae.E.; Engineer, Consolidated Aircraft 
Corp. 


Sandel, William DeRay, Jr., Methods Engineer, Bendix Avia- 
tion Corp. 

Sanders, Robert, S.B. in Ae.E.; Lieut., Engineering Officer, 
Anacostia U. S. Naval Reserve Aviation Base. 

Sandgren, Frank Benhardt, M.S. in Ae.E.; Engineer, Vought- 
Sikorsky Aircraft, United Aircraft Corp. 

Sandorff, Paul Edwin, B.S.; Research Engineer, Lockheed Air- 
craft Corp. 

Sandowski, Wladyslaw, M.S. in Ae.E.; Draftsman, Conmar 
Products Corp. 

Sanford, Charles Avery, A.B.; Underwriter, Aero Insurance 
Underwriters. 
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THERE ARE NO DISTANT, 
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EST INDIES: 


ORIENT 


14 FLIGHTS DAILY 


1 FLIGHT FORTNIGHTLY 3 FLIGHTS DAILY 


NLY by Pan American can you 
O go so far, stay so long and see 
so much. You enjoy also a big plus 
—the luxury, the thrill of the famous 
Flying Clippers! 

Choose from more than 250 cities 
in 55 countries and colonies... both 
independent trips and personalized, 
all-inclusive air cruises. Imagine leay- 
ing tomorrow on a Strato-Clipper 
Cruise to glorious Rio de Janeiro, 
now only 2% days from the U.S:.! 
Think of exploring the colorful and 
ancient West Coast of South Amer- 
ica on a Skyway Cruise to Inca Land! 


- PAN AMERICAN AIRWAYS SYSTEM 


Made to order for your winter vaca- 
tion are the alluring itineraries of 
Pan American's Air Cruises to Mex- 
ico; to Guatemala. And, with as lit- 
tle as 21 days to spare, you can delight 
in the incomparable experience of an 
all-inclusive Clipper Cruise Around 
South America, covering a score of 
countries —16,000 miles. 

For details about these and other 
distinctive, value-packed Pan Amer- 
ican offerings, see your Travel Agent 
or local Pan American office, or 
write Pan American Airways Sys- 
tem, Chrysler Bldg., New York City. 


A'S MERCHANT MARINE 
OF THE AIR 


i 

x 

a 

i 

AMERIC 


TECHNICAL 


Santilli, Alcide, B.S. in E.E.; Chief Engineer, Feiber Instrument 
oO. 

Saslowsky, Morris, M.E.; Engineer, Kollsman Instrument Div., 
Square D Co. 

Saudek, Victor Mead, B.S. in M.E.; Engineer, North American 
Aviation, Inc. 

Sawdey, Marshall Douglas, B.S. in Ae.E.; Engineer, Bell Air- 
craft Corp. 

Scales, Harry Scott, Reserve Meteorologist, T. & W.A., Inc. 

Scarborough, Thomas Howard, Jr., Detailer, Lockheed Aircraft 
Corp. 

Scarbrough, John William, Jr.. M.E.; Aerodynamics, Douglas 
Aircraft Co. 

Schairer, Robert Sorg, Ph.D.; Aerodynamicist, Douglas Air- 
craft Co. 

Schliestett, George Van, M.S. in Ae.E.; Assoc. Engineer, Bureau 
of Aeronautics, Navy Dept. 

Schmidt, Carl Frederick, M Ae.E.; Service Engineer, Lockheed 
Aircraft Corp 

Schmidt, Eugene Francis, B.S. in M.E.; Draftsman, Socony- 
Vacuum Oil Co. 

Schmidt, Harold Charles, B.Ae.E.; Flight Mechanic, Pan 
American Airways System. 

Schoech, William Alton, M.S. in Aero.E.; Lt., U.S. N.; Naval 
Aviator. 

Schoenfeldt, Milton Robert, Draftsman, Engr. Dept., North 
American Aviation, Inc. 

Scholes, Kenneth Neal, B.S.; Jr. Aero. Engineer, U.S. Army 
Air Corps, Wright Field. 

Schoolfield, William Cleveland, S.B. in Ae.E.; Assistant, Aero- 
dynamic Section, Vought-Sikorsky Aircraft, United Air- 
craft Corp. 

Schoonmaker, Robert Joseph, B.Ae.E.; Production Dept., Glenn 
L. Martin Co. 

Schram, Richard Arney, District Supervisor of Ground Schools, 

Schreiber, Ralph Benjamin, B.Ae.E.; Stress Dept., North 
American Aviation, Inc. 

Schroeppel, Charles, Jr., B.Ae.E.; Draftsman, Curtiss Aero- 
plane Div., Curtiss-Wright Corp. 

Schubiner, Sanford Edward. 

Schulz, August, Design Engineer, The B. G. Corp. 

Schuster, Oscar, Ae.E.; Asst. Educ. Manager, Lockheed Air- 
craft Corp. 

Schwartzapfel, Wilbert, B.Ae.E.; Aero Engineer, Brewster Aero 
Corp. 

Schwendener, Karl DeWitt, Project Engineer, Librascope De- 
velopment Co. 

Schwien, Nevin, B.S. in M.E.; Pres., L. N. Schwien Engineering 
Co. 

Scoles, Albert Buddy, M.S. in Ae.E.;  Lt., Naval Aviator, 
U.S.N. 


Sea, Austin LeRoi, B.S. in Ae.E. 

Secord, William Paul, B.S. in Ae.E.; Draftsman, North Ameri- 
can Aviation, Inc. 

Sefcsik, Louis Joseph, Ae.E.; Stress Analyst, Grumman Air- 
craft Engineering Corp. 

Seidman, Oscar, M.S.; Assoc. Physicist, N.A.C.A. 

Self, J. Howard, B.Ae.E.; Aero. Engineer, Hughes Aircraft Co 

Settergren, LeRoy Edward, B.S.; U.S. Army Air Corps. 

Seulke, Donald Karl, Draftsman, Vought-Sikorsky Aircraft 
Div., United Aircraft Corp. 

Seyfarth, Robert Martin, E.E.; Industrial Engineer, Lockheed 
Aircraft Corp. 

Shapiro, Oscar, M.Ae.E.; Draftsman, Stress Analyst, Naval 
Aircraft Factory. 

Sharp, Charles Willard, M.S.; Stress Analyst, Glenn L. Martin 
Co. 


Shedd, John Vassall, B.S.; Engineer, Pacific Div., Pan American 
Airways. 

Sheets, Jack Harold, M.S.E.; Project Engineer, Curtiss Pro- 
peller Div., Curtiss-Wright Corp. 

Shepard, William B. 

Sherwin, Samuel B., M.Ae.E.; Aerodynamicist, Grumman Air- 
craft Engineering Corp. 

Shick, Ralph Howard, B.S.; Aero. Engineer, Vultee Aircraft, 
Inc. 
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Shiley, Donald Henry, B.S. in Ae.E.; Stud. R.AeS.I.; Ensign 
A-V(N) U.S.N.R., Patrol Squardon 14 

Shimizu, Esau, B.S.E.; Wayne Basket Mfg. Co 

Shornick, Louis Harold, B.Ae.E. 

Short, Marion Lewis Lovell, B.S.; Pilot, American Airlines, Inc. ; 
Pres., Engine Power Pump Co. 

Short, Robert Q., Sheet Metal Worker, Lockheed Aircraft Corp 

Shorter, John Woolsey, B.S. in Ae.E.; Engineer, Glenn L. 
Martin Co. 

Siegel, Nathan S., B.S. in Ae.E.; Apprentice Engineer, Vought- 
Sikorsky Aircraft Div., United Aircraft Corp. 

Siegrist, Alfred Robson, B.S. in Ae.E.; Layout Draftsman, North 
American Aviation, Inc. 

Silliman, John Calvin, C.E.; Asst. Engineer, Structures Dept., 
Pacific Railway Equipment Co. 

Silos, Manuel, Jr., B.S. in Ae.E.; Tool & Machine Designer, 
Paramount Engineering Co. 

Siltanen, John C. 

Skoog, James Arthur, B.Ae.E.; Structural Engineer, Vought- 
Sikorsky Aircraft Div., United Aircraft Corp. 

Slattery, John J., B.S. 

Slaughter, Lomis, Jr., B.S. in M.E.; Engineer, Anderson Green- 
w & Co. 


Slawson, Roy G. R., B.S. in E.E.; Engineer, Lockheed Air 
craft Corp. 

Slifer, Robert Lewis, B.Ae.E.; Asst. Flight Dispatcher, Mid- 
Continent Airlines, Inc. 

Smart, William Mitchell, A.B.; C.R.Ae.S.; Engineer, Nicholson 
File Co. 

Smith, Apollo Milton Olin, M.S. in A.E.; Asst. Aerodynamicist, 
El Segundo Div., Douglas Aircraft Co. 

Smith, George P., B.Ae.E.; Design Engineer, Vought-Sikorsky 
Aircraft Div., United Aircraft Corp. 

Smith, James Norman, B.S. in E.E.; Engineer, Process Engi- 
neering Dept., Vultee Aircraft, Inc. 

Smith, Kenneth Earl, B. in Ae.E.; Instructor, Univ. of Detroit. 

Smith, Robert B. 

Smith, Roderick Norman, B.S. in Ae.E.; Sr. Detailer, Lockheed 
Aircraft Corp. 

Smith, Ronald Henry, Student, Mass. Inst. Technology 

Smith, Roy, B.Ae.E.; Structures Engineer, Lockheed Aircraft 
Corp. 

Smith, Theodore Donley, B.S. in M.E.; Student Engineer, 
Douglas Aircraft Co. 

Smith, William Mage, Standards Engineer, Bell Aircraft Corp 

Smithline, Lawrence, Master Engineering; Glenn L. Martin Co 

Smull, Leland Kemp, Jr. Aero. Engineer, N.A.C.A. 

Snedeker, Monte Harrison, Airline Maintenance Inspector, 

Sobieralski, Antoni John, B.S.; Engineer, Boeing Aircraft Co. 

Sohler, William Walter, M.E.; Draftsman, American Can Co. 

Sokol, Mieczyslaw, B.S.; Engineer, Brewster Aeronautical 
Corp. 

Sorenson, Emil Leonard, B.Ae.E.; Univ. of Minnesota. 

Souter, Robert Kimble, B.Ae.E.; Aero. Research Engineer, 
Langley Memorial Aero. Lab., N.A.C.A. 

Spanski, Raymond Joseph, B.S. in Ae.; Asst. Engineer, Detroit 
Outboard Products Corp. 

Spaulding, Edward Hastings, B.S. in Ae.E.; Stress Analyst, 
Lockheed Aircraft Corp. 

Spaulding, Morril Boughton, Jr., B.S. in Ae.E.; Jr. Engineer, Pan 
American Airways System. 

Spektor, Sam S. 

Spofford, Edwin Francis, Production Clerk, Glenn L. Martin Co. 

Squiers, John Clinton, B.Ae.; Airplane Designer, Briggs Mfg. Co. 

Stanton, Isaac Anderson, III, B.S. in Ae.E. 

Stanton, Joseph E., B.S.; Layout Draftsman, St. Louis Air 
plane Div., Curtiss-Wright Corp. 

Stary, Louis J., B.S.; Aero. Engineer, Loftsman, Northrop 
Aircraft, Inc. 

Stebley, Robert, B.S. in Ae.E.; Instructor, Aeronautical Univ 

Stephen, Louis Hedrick, B.S. in M.E.; Engineer, Consolidated 
Aircraft Corp. 

Stephens, Boyd C., M.S. in Ae.E.; Staff Engineer, Pan American 
Airways System. 
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VITAL ACCESSORIES 
for MODERN AIRCRAFT 


®@ More than 400 different aircraft 
pumps and accessories have been 
designed and manufactured by 
Pesco engineers and craftsmen. 
Many of these units are standard Suction 
equipment on the nation’s finest Relief Valve 
military and commercial aircraft 
and figure prominently with 
American planes and engines 
wherever men fly. 


Pesco engineers are prepared to de- 
velop similar equipment for an ever 


increasing variety of requirements. Hand 
Hydraulic 
Pressure Pump 
Accumulator 


Propeller 
Feathering Pump 


onto, 


wD 


Fuel Pump ‘ 
ty 
Fuel Valve 
s 
ir Pump Hydraulic Cylinder 


TECHNICAL 


Stephens, John Dale. 

Stevens, Blaine K., B.Ae.E.; Structures, St. Louis Airplane Div., 
Curtiss-Wright Corp. 

Stevens, Emerson Ward, B.Ae.E.; Stress Analyst, Curtiss 
Aeroplane Div., Curtiss-Wright Corp. 

Stevens, George Patrick, Stress Engineer, Vega Airplane Co. 

Stevens, Melvin E., B.S. in Ae.E.; Design & Testing, Vultee 
Aircraft, Inc. 

Stevens, William Park, Jr., B.S. in M.E.; Engineer, Lockheed 
Aircraft Co. 

Stewart, Homer Joseph, Ph.D. (Aero. and Physics); Instructor 
in Aero. and Meteorology, Calif. Inst. of Tech. 

Steyer, Wesley Arnold, B.S. in Ae.E.; Stress Analyst, Fleetwings, 
Inc. 

Stillwell, H. S. 

Stockdale, John D., B.Ae.E.; Apprentice Engineer, Pan Ameri- 
can Airways System. 

Stocking, Lowell Ellsworth, Armament Engineer, Douglas Air 
craft Co. 

Stoessel, Robert Frederick, B.S. in M.E.; Research Engineer, 
Lockheed Aircraft Corp. 

Stoner, Eliot Filger, M.E.; Chief Engineer, Pacific Railway Equip- 
ment Co. 

Storey, Lon, Jr., Ae.E.; Power Plant Engineer, Lockheed Air- 
craft Corp. 

Stout, Joseph Wimmer, Jr., Knoxville Station Manager, Penn- 
sylvania-Central Airlines. 

Strickland, Fred Clair, Jr., B.S. in Ae.E.; Stress Analyst, Piper 
Aircraft Corp. 

Strom, Gordon Haakon, M.S.; Instructor, New York Univ. 

Stuart, Joseph, III, M.S. in A.E.; Project Engineer, Aeroprod- 
ucts Div., General Motors Corp. 

Stubbs, George Rozzle, B.S. in A.E.; Instructor, Lawrence In- 
stitute of Technology. 

Surbeck, Richard Underwood, B.S.; Asst. to Pres., Aviation 
Equipment & Export, Inc. 

Sutton, John Ransome, Engineering Dept., Lear Avia, Inc. 

Sutton, Robert James, B.Ae.E.; Process Engineer, Douglas 
Aircraft Co. 

Swan, Gail Homer Schede, B.S. in Ae.E.; Stress Analyst, Fleet 
wings, Inc. 

Swanson, LeRoy Douglas, B.Ae.E.; Jr. Stress Analyst, Glenn L. 
Martin Co. 

Swanson, Robert St. Clair, B.S.E.; Jr. Aero. Engineer, N.A.C.A 

Sweberg, Harold H., B.S. in Ae.E.; Research, Langley Memorial 
Aero. Lab., N.A.C.A. 

Sweet, Floyd Jerome, B.S.; Director, Elmira Aviation Ground 
School. 

Sze, Kenneth Yao-yuan. 

Takahashi, J. 

Takasugi, Kingo, Stress Analyst, Harlow Aircraft Co. 

Tangren, R. Fulton. 

Taubman, Samuel, Stress Analyst, Lockheed Aircraft Corp. 

Taylor, Mervin Francis, Weight Engineer, Glenn L. Martin Co 

Taylor, William Elton, Airplane Pilot; 2nd Lieut., U. S. Army 
Air Corps Reserve. 

Teague, Beal Madison, Jr., B.S. in Ae.E.; Airplane Design, The 
Glenn L. Martin Co. 

Thayer, Harold Brooks, Counselor, Boeing School of Aeronautics. 

Theobald, Phillip E., B.S.(Aero.), (Mech.); Asst. Project Engi- 
neer, Aeroproducts Div., General Motors Corp. 

Thigpen, Brown, B.Ae.E. 

Thomas, Harold William, B.S. in M.E.; 2nd Lieut., U.S. Army 
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Aviation Quality 
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Made from the finest Pennsylvania crude— . .. It is approved by leading aircraft engine w 

refined by the most modern methods known manufacturers, used with confidence by leading ™ 
to science—Tiolene Motor Oil is, by every motor fleets and by thousands of motorists. * 

standard, Aviation Quality. Tiolene stands up Tiolene is an oil you can depend upon. Ww 


under extreme service conditions. Whether & Ww 
the engine is running fast or slow—cold or hot Ti olene | 


Tiolene does its job of lubricating and cooling PURE PENNSYLVANIA MOTOR OIL 
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AVIATION RADIO EQUIPMENT 


Engineered from a background 
of experience and research 
in every field of radio communication 


RCA makes everything in aviation radio . . . complete 
airport radio equipment, and receivers, transmitters, 
and radio compasses for all ships . . . from smallest to 
largest. To meet the requirements of commercial 
aviation and those of the sportsman pilot, RCA engi- 
neers utilize the full engineering resources of the only 
organization that makes and does everything in radio 


and sound. 


RCA Airport and Aircraft Radio Equipment has a 
notable record in respect to non-obsolescence. All 
airport equipment is built to make expansion easy at a 
minimum cost. And, RCA furnishes a coordinated 
design for airport traffic control, radiobeacon, and 
runway localizing equipment. No matter what the 
need of the scheduled air transport or of the itinerant 
flyer, RCA meets that need with standard equipment 
backed by years of experience. 


AVIATION RADIO SECTION 
RCA Manufacturing Company, Inc. 


Camden, New Jersey 
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MPROVED designs, new and better 
materials, increasingly rapid strides 
in the aeronautical sciences, have made 
possible the super-speeds of the planes 
of today. 

Playing a major part in the develop- 
ment of American Aviation is 100 oc- 
tane gasoline—produced commercially 
for the first time by Shell. This is the 
fuel that has made American military 
ships unexcelled in performance, speed 
and flying range. Proved by experts, 
Shell Aviation Gasoline and Aero-Shell 
Oil are preferred by pilots everywhere. 


SHELL OIL COMPANY, INC. 
50 West 50th St., New York, N. Y., or 
100 Bush St., San Francisco, Cal. 
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SOCONY-VACUUM 
AVIATION PRODUCTS 


At Kitty Hawk in 1903—Everywhere Today... 


Socony-Vacuum Keeps Pace With Aviation 


Rs" FROM THE START -ever. since unmatched by any other petroleum company 
its products helped the Wright brothers enables it to keep constantly ahead of Avia- 
complete the world’s first successful airplane tion’s problems. . . to help solve them with 
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changing needs with dependable fuels and That’s why both private and commercial 


operators throughout the world rely on Socony- 


lubricants. 
Vacuum products for safe, efficient, economical 
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THE DEFENSE IS 


N anti-aircraft defense, threatening air- 

planes must be located with utmost 
speed. To solve this problem Sperry has 
developed the Sound Locator or “me- 
chanical ear” by which the defense can 
determine the location of on-coming air- 
planes and their direction of flight. 


Once located, they are 


ALERT 


to meet anti-aircraft defense requirements 


in the last World War and has been con- 
tinually improved and produced by Sperry 
ever since. 

Still another Sperry device, the Universal 
Director, working many times faster 
than the human mind, automatically cal- 


culates the firing data 


soon illuminated by the 


SPERRY GYROSCOPE 


and electrically transmits 


piercing shaft of the 800 


million beam candle- 
power searchlight, which 


was developed by Sperry 


COMPANY INCORPORATED 


NEW YORK 


m it to the waiting anti- 


aircraft guns. 


Truly, American defense 


is on the alert. 


Other Sperry products include the Gyro-Horizon, Directional Gyro, Gyropilot, and Automatic Radio Direction Finder 
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AVIATION: 
PRODUCTS 


For over a decade, Standard Aviation Products have 


been relied on by military air forces, commercial air- 
lines and private flyers alike. They have more than 
kept pace with aviation’s increasingly exacting require- 


ments — and are ready for tomorrow’s planes today. 
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TRAINED TECHNICIANS 


The Summerill Laboratory Staff is made up of a wide vari- 
ety of technicians—those brought up in a thorough background 


of seamless tubing production; chemists for checking analysis; 


and metallurgists. Their work covers the following:— 


Examination of raw material to check for analysis 
mechanical defects, grain size and structure; to supervise 


all production and processing; to oversee all inspection. 


Now is the time for material development to keep pace with 
product design and better use of materials. It is our desire, and we 
are equipped, to work with designers on all new ideas for tubing 


applications to the end that tubing problems will be solved ready for 
production when conditions permit. 


Summerill Tubing Co., Affiliated with Edgar T. Ward’s Sons Co. 
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IGHER POWER OUTPUT, longer engine life, flying 
H hours between overhauls substantally lengthened. 
These advantages are available now. 

In the research and experimentation that has brought 
this superior performance, The Texas Company has con- 
tributed an important part. Texaco’s aviation engineers 
are always at the service of engine builders, airline oper- 
ators, maintenance men or pilots, for technical discus- 
sions, trouble-shooting, etc. Due to the outstanding success 
of Texaco Products in many airlines of the country— 

More scheduled airline mileage with- 
inthe U.S. and to other countries is flown 
with Texaco than with any other brand. 


The outstanding performance that has made Texaco 


preferred in aviation has also made it preferred in the 
fields listed in the panel. 

These buyers are enjoying many benefits. You, too, will 
find important advantages when you use Texaco Aviation 
Lubricants and Fuels. 

A Texaco Aviation Engineer will gladly cooperate 
in making savings for you. Phone the nearest of more 


than 2300 Texaco distributing plants in the 48 States, 


or write: 


The Texas Company, Aviation 
Division, 135 East 42nd Street, 
New York, N. Y. 
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MENTAL 


again demonstrated by TWA—this time 
with the inauguration of 4-engine Boeing 
Stratoliner service! Again, a new era in com- 
mercial aviation—an epoch of faster, smoother, 


far more luxurious air transportation. 


TWA is justifiably proud of the recognition of 
its continuing efforts exemplified by the fine 
support received from those who have contrib- 
uted so much to the advancement of the 


aeronautical sciences. 
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FULL SPEED AHEAD 


The American aviation industry faces in 1941 the biggest job 
in its history. Thousands of engines, propellers and airplanes 
must be produced in record time to fill the needs of the 
national defense program. 

As a major unit in the industry, United Aircraft is gladly 
shouldering its responsibility for an important share of the 
task. Each month finds United Aircraft supplying the nation 
with steadily increasing quantities of the finest equipment that 


aviation science can produce. 


UNITED ATRORAFT CORPORATION 


EAST HARTFORD CONNECTICUT 


PRATT & WHITNEY VOUGHT -SIKORSKY HAMILTON STANDARD 
ENGINES AIRPLANES PROPELLERS 
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The Nation’s Great 
Central Air Route 


With increasing demand for speed in 
travel, the strategic importance of 
United Air Lines’ central Main Line 
Airway becomes more and more ap- 
parent. 


It spans the very heart of the con- 
tinent, linking the great centers of 
population and industry in the East, 
Midwest and on the Pacific Coast. 


Working closely with other lines, the 
Main Line Airway helps link Atlantic 


to Pacific by its swift, arrow-straight 
skyway. 

It is now more than 20 years since 
Government engineers selected this 
mid-continent air route as the first 
coast-to-coast airway, the backbone 
of the country’s airlines system. Today 
as never before, the accelerating pace 
of business and national defense needs 
and uses, the year ‘round speed and 
dependability provided by United over 
the Main Line Airway. 
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Institute 


In order to render service to local groups of aero- 
nautical engineers the Institute, in 1937, organized 
Sections in several aircraft centers of the United States. 
These Sections are directly under the control of and 
are sponsored by members of the Institute. A grade 
of Affiliate Membership was created for those persons 
who wished to associate themselves with a local group 
interested in the advancement of the aeronautical 
sciences. Affiliates are not members of the Institute 
and do not pay dues to it, but through their Sections, 
which receive the same benefits of membership as 
Branches, are given the opportunity to hear speakers 


Dayton, Ohio 
Mr. James W. McCauley, Secretary, 
1038 North Main Street, 
Dayton, Ohio 


Los Angeles, California 
Dr. A. L. Klein, 
2271 Glendower, 
Los Angeles, California 


Notre Dame, Indiana 
Mr. R. S. Eikenberry, 
University of Notre Dame, 
Notre Dame, Indiana 


Seattle, Washington 
Mr. B. H. Galt, 
1103 E. Republican Street, 
Seattle, Washington 


Sections 


and participate in activities helpful to them in their 
work. 


The purpose of the Institute in organizing Sections 
is to provide the expanding aeronautical profession 
with local interests to supplement the broad general 
activities of the national society. 


The following list gives the present active Sections 
of the Institute. The name and address of the Chair- 
man of each is given for the information of members 
in the localities served. Other Sections are in process 
of organization. 
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Mr. E. Burke Wilford, 
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“We Caunct Hale the 
Man We Know" | 


@ We can see into the future by looking back—and 
history reveals that all progress is the result of educa- 
tion, communication and transportation. The rapid 
growth of our country would not have taken place in 
such a short span of years had it not been possible 
under our form of government to freely develop and 
utilize these vital facilities. 


@ While the creation of the Wright Brothers is being 
used as a mighty instrument of war, you of the aviation 
industry realize that it is still a peace maker—temp- ? 
orarily in another role—and inevitably your complete 
facilities and genuine leadership will be directed to 
meet the ever increasing demands of the great 


aviation industry. 


@ Your efforts for peace are inevitable because the 
airplane is destined to develop and cement world 
trade and social relationships through a closely woven . 
network of faster, frequent and more economical inter- 
national over-night flights—ultimately establishing a j 
real understanding between all peoples. 


CINITED STATES AVIATION CNDERWRITERS 
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STAINLESS? 


Because stainless is both strong and 
fatigue-resistant at elevated temperatures. 


Because it produces no oxidation scale 
up to 1650°F., well above all normal 
exhaust temperatures. 


Because it resists the corrosive attack of 
modern “doped” fuel products, as well as 
exposure to atmosphere. 


Because it effectively resists surface 
abrasion at points of metal-to-metal con- 
tact. 


Because it offers excellent fabrication 
qualities—for deep-drawing, bending, and 
welding. 


STAINLESS STEEL 


AMERICAN STEEL & WIRE COMPANY, Cleveland, Chicago and New York 
CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
NATIONAL TUBE COMPANY, Pittsburgh 


HERE ARE a few types of ships 
recently added to the U.S. Navy 
fleet. Each is equipped with a 
manifolding system of light- 
weight stainless steel, resistant 
to corrosion and oxidation. U. 
S. Navy Official Photographs. 


HESE are the principal reasons why 

leading aeronautical engineers have 
adopted U-S-S Stainless Steel as a stand- 
ard material for exhaust manifolds and 
collector rings. This construction using the 
stabilized material, which is not subject to 
intergranular corrosion, has proved itself 
in actual service records of 7000 hours and 
more. Today, .the stainless manifold is 
serving successfully as standard equip- 
ment on most of America’s famous air- 
planes, both in civil transport and in Army 
and Navy fighting craft. 


Columbia Steel Company, San Francisco, Pacific Coast Distributors 


United States Steel Export Company, New York 


Scully Steel Products Company, Chicago, Warehouse Distributors 


ALL EQUIPPED WITH STAINLESS MANIFOLDS | 
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ELECTRICAL POWER IS SP 


EEDING PRODUCTION 


MORE PLANE PARTS PER DAY 


Because Westinghouse Developed a Furnace 


Normally when steel is heat-treated it 
undergoes a form of surface deterior- 
ation called “decarburization.” Cor- 
recting this defect takes time... slows 
down production. 

Westinghouse solved this produc- 
tion problem with a new type of fur- 
nace...a furnace with an “Endogas” 
atmosphere that delivers heat-treated 
parts with bright, clean surfaces: .. 
parts that need a minimum of finish- 
ing...in many cases none at all. 

This development has made _pos- 
sible the production of more airplane 
engine parts per day. 

The furnace itself requires no ex- 
pensive accessories...is simple to 
operate ... easy to install. The newly 
developed “Endogas” atmosphere, 
which is produced from ordinary city 


fuel gas, can be used for the treatment 
of all SAE steels. Proof of results is 
found in reports like this:—‘In one 
shift we hardened 20,000 small alloy 
bolts. This would have taken a week 
in our old furnace, with the added 
cost and delay of pickling.” 

Your production problem may not 
be that of hardening steel. But remem- 
ber, Westinghouse maintains a corps 
of engineers whose entire time is de- 
voted to solving production problems 
for industry. Their job is to help 
you. Use their services freely. 

Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 


Westinghouse 


Time-Saver For The Aviation Industry 


LOOK TO 
WESTINGHOUSE 
FOR LATEST 
DEVELOPMENTS IN . 


INSTRUMENTS 

RADIO APPARATUS 

MOTORS AND CONTROL 

FUEL VALVES 

HEAT-TREATING 
FURNACES 

BEACONS 

SEADROME CONTACT 
LIGHTS 

CEILING PROJECTORS 

ARC WELDERS 


ANOTHER WHY 
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Sir Ernest Shackleton depended on Manchurian ponies in his 
final dash to the South Pole. One by one they succumbed to 
accident and cold. When the last pony fell, Shackleton and 
three companions harnessed themselves to the sledge and 
pushed on in a vain effort to accomplish their goal. At 
80° 23’ they were forced to turn back. Equipment, not men 


had failed. 


The strong spirit that led man into the unknown Polar wastes is the 


same spirit that led man to pioneer the skies. 


It has been the privilege of Wyman-Gordon to participate in this engineer- 
ing and manufacturing development of aviation, all along the way. 

Since the dawn of aviation, Wyman-Gordon forgings have been factors in 
the accomplishment of the reliability of air travel. 

Today, with every forging laboratory-controlled, Wyman-Gordon is pro- 
ducing crankshafts, cams, propellers and other vital parts, night and day, 


at full speed. 


WYMAN-GORDON 


WORCESTER, MASS. 
HARVEY,ILL. DETROIT, MICH. 


Men, 
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The Paul Kollsman Library 


of the 


Institute of the Aeronautical Sciences 


A lending library service of the Institute which makes available, without 
charge, the latest and more important aeronautical books to members of the 
Institute and others interested in aeronautical progress. 

Membership in the library is open to all members of the Institute of the Aero- 
nautical Sciences and to any person in the United States over 18 years of age who 


can furnish references which certify as to his responsibility and reliability. 


The Aeronautical Reader’s Guide | 


A catalogue of selected aeronautical books available for loan from The Paul 
Kollsman Library. The Guide lists and comments on books and by indexing 
them under specialized headings also acts as a valuable reference source for aero- 
nautical specialists, companies, libraries and other organizations. 

The Guide is issued quarterly in September, December, March and June, and 
is priced at $1 for the four issues in each volume. Single copies are not available 
and subscriptions may only be accepted for complete volumes. 


Further information will be sent on request. 


THE PAUL KOLLSMAN LIBRARY 


1505 RCA BUILDING WEST 
30 ROCKEFELLER PLAZA, NEW YORK, N. Y. 
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Aerodynamics 


William Bollay 
Walter S. Diehl 
Hugh L. Dryden 
P. E. Hemke 
Eastman N. Jacobs 
Th. von Karman 
W. B. Klemperer 
Otto C. Koppen 
Alexander Klemin 
A. M. Kuethe 
John G. Lee 

Clark B. Millikan 
John R. Markham 
Richard von Mises 
Shatswell Ober 

W. Bailey Oswald 
Manfred Rauscher 
H. J. E. Reid 
Benjamin F. Ruffner 
G. B. Schubauer 
Abe Silverstein 

R. H. Smith 

Th. Theodorsen 
M. J. Thompson 
Starr Truscott 
Michae! Watter 
K. D. Wood 


Air Transport 


E. T. Allen 

Melvin N. Gough 
J. A. Herlihy 
William Littlewood 
A. A. Priester 

Paul E. Richter 

N. F. Scudder 

D. W. Tomlinson 


Aeronautical Chamber of Commerce of America—C., J. BRUKNER 


J. C. HunsaKker, Chairman 


Aircraft Design 


Karl Arnstein 

B. C. Boulton 

C. P. Burgess 

C. H. Chatfield 

J. W. Crowley, Jr. 
R. C. Gazley 
Leroy R. Grumman 
Rex B. Beisel 
Hall L. Hibbard 
A. L. Klein 
Montgomery Knight 
Otto C. Koppen 
John C. Lee 

C. J. McCarthy 
William H. Miller 
I. M. Laddon 

R. H. Prewitt 
Igor I. Sikorsky 
E. A. Stalker 

Th. Troller 

Starr Truscott 

R. H. Upson 

Fred E. Weick 

T. P. Wright 


Radio 


William R. Blair 
C. S. Draper 
Lloyd Espenschied 
Lewis M. Hull 
Haraden Pratt 

F. X. Rettenmeyer 


Physiological Problems 


E. T. Allen 

H. G. Armstrong 

W. Randolph Lovelace II 
Ross A. McFarland 

A. D. Tuttle 

Herbert B. Wright 


Power Plants 
and Propellers 


M. A. Biot 

Frank W. Caldwell 
Louis H. Enos 
Ivan H. Driggs 
David Gregg 

L. S. Hobbs 
Albert R. Jacobs 
Carleton Kemper 
H. M. McCoy 
Arthur Nutt 
Shatswell Ober 

C. Fayette Taylor 
E. S. Taylor 

Th. Theodorsen 
A. V. Willgoos 

D. H. Wood 


Structures 
and Materials 


A. V. de Forest 
J. P. Den Hartog 
Paul D. Ffield 

' Richard C. Gazley 
W. C. Geer 
Zay Jeffries 
Th. von K4rman 
E. E. Lundquist 
C. J. McCarthy 
C. F. Nagel 
J. S. Newell 
Thomas D. Perry 
H. W. Sibert 
S. Timoshenko 
L. B. Tuckerman 
J. A. Wise 
J. E. Younger 


Air Youth of America—LEsTER D. GARDNER 
American Association for the Advancement of Science— 


J. C. HUNSAKER 


American Institute of Mining & Metallurgical Engineers— 


A. V. pE Forest 


American Institute of Consulting Engineers—C. H. DoLan 


American Society of Mechanical Engineers—ALEXANDER KLEMIN 


American Standards Association—P. R. BASSETT 
C.I. T. E. J. A—HeENry G, 


EDITORIAL AND PROFESSIONAL ACTIVITIES COMMITTEE 


Meteorology 


C. F. Brooks 

Karl O. Lange 

D. M. Little 

E. J. Minser 
Sverre Petterssen 
F. W. Reichelderfer 
A. F. Spilhaus 

P. V. H. Weems 

H. C. Willett 


Education 


C. S. Jones 

R. H. Smith 
Alexander Klemin 
Montgomery Knight 
Clark B. Millikan 
George B. Pegram 
E. A. Stalker 


Fuels and Oils 


D. P. Barnard 

A. L. Beall 

J. H. Doolittle 
Graham Edgar 
Luis de Florez 
Raymond Haskell 
S. D. Heron 

A. M. Rothrock 
D. H. Young 


Instruments 


P. R. Bassett 

W. G. Brombacher 
Charles H. Colvin 
C. S. Draper 
Lucien L. Friez 
Walter McKay 

W. A. Reichel 

A. F. Spilhaus 

S. J. Zand 


I.Ae.S. REPRESENTATIVES TO OTHER ORGANIZATIONS 


Greater New York Safety LiTTLEWoop 
Guggenheim Medal Board of Award—J. H. Doo.trte, 


LEsTER D. GARDNER, J. H. KINDELBERGER 
Institute of Radio Engineers—L. M. Hutu 
Manufacturers Aircraft Association—E. E. WILson 
National Aeronautic Association—J. H. DooLittL_Ee 
National Safety Council—JErome LEDERER 


New York Museum of Science and Industry—LrsterR D, GARDNER 
Society of Automotive Engineers—ARTHUR NUTT 
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INSTITUTE of che AERONAUTICAL SCIENCES 


AIMS 


The Institute of the Aeronautical Sciences is organized to promote the application 
of science in the development of aircraft. By grading members according to their 
qualifications, recognition is given to outstanding professiqnal work and an incentive 
is provided younger members for the investigation of new aeronautical problems. The 
presentation and discussion of technical papers at Institute meetings afford members 
opportunities to hear and meet the leaders in the various aeronautical sciences. Through 
the Journal of the Aeronautical Sciences, members are provided with an opportunity to 
publish and to read of new knowledge and new applications in the field of aeronautical 
engineering. The continuous improvement of aircraft depends on scientific research and 
engineering experiment applied to design. The Institute desires to bring together all 
specialists contributing to aeronautical progress and, for this purpose, is keeping the 
dues nominal in amount, in view of the fact that practically every specialist already 
belongs to his own special professional society. The dues from members do not provide 
funds enough both for publication of the Journal and for the Institute’s other activities, 
the difference being made up from funds contributed by benefactors and by the aero- 


nautical industry. 


The headquarters of the Institute provides members when in New York with @ conven- 
ient and attractive meeting place. 


DUES 


The entrance fee for all members is five dollars. The annual dues are: Fellows, 
$20.00; Associate Fellows, $15.00; MEMBERS, $12.50; Industrial Members, $12.50; 


Technical Members, $7.50. 


APPLICATION for MEMBERSHIP 


Application for membership forms may be secured from any member of the Insti- 
tute or from the Secretary. An Applicant is required to furnish the names of several 
members acquainted with his professional work. The Admissions Committee recom- 
mends the grade of membership to the Council which, at its discretion, may extend to 


the Applicant an invitation to join the Institute. 


INSTITUTE OF THE AERONAUTICAL SCIENCES 


1505 RCA BUILDING WEST 
30 ROCKEFELLER PLAZA 
NEW YORK 
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